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| THE problem is an old one; it is that of the manner in which the intra-ocular 
' blood flow is maintained, often with surprising efficiency of retinal function, 
in the face of raised ocular tension. The extent to which the intra-ocular 
circulation can continue in extreme degrees of tension was dramatically 


" demonstrated by Hill and Flack (1912). These workers divided a vortex 


| vein of a cat and then raised the ocular pressure by means of a needle con- 


nected to a water manometer. They found that it was necessary to increase 


_ the ocular tension until it approximated to that of the carotid before the 


_ uveal circulation was finally arrested. 

| Of the several factors which influence the blood flow in conditions of 
| raised pressure, that of the changes occurring in the arterial and venous 
| pressures has received the most attention. Hill and Flack (1912), Hill 
. (1913), Starling (1913), and others, showed that in conditions of raised 
' ocular tension the venous pressure must always be slightly higher than the 
_ ocular pressure if the circulation is to be maintained. Duke-Elder (1926) 
elucidated the fundamental relationship betweer the ocular and vascular 
_ pressures. He stated that any increase in ocular pressure tends to compress 
the veins at their points of exit, the vis a tergo from the arteries then piles up 
pressure and forces past the obstruction, and the intra-ocular circulation 
proceeds at a higher level. If the ocular pressure increases further, this pro- 
cess repeats itself until the available force from the arteries is exhausted, that 
is, until the pressure in the ophthalmic artery is reached. 

Clinical observations support the experimental work. Using the oph- 
thalmo-dynamometer, Bailliart (1922) and Bailliart and -Magitot (1925) 
' found that in chronic glaucoma there was a great increase in the venous 
_ pressure and a moderate increase in the arterial pressure. Weinstein (1935) 
_ noted an increased pressure in the pre-capillaries in chronic glaucoma, and 
_ Espildora-Luque (1948), summarizing some of his previous work, recorded 
that in several cases he found a reduction in the vascular pressures after the 
tension had been lowered by miotics or by operation. 

It has been established, therefore, that there is a local rise of both arterial 
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and venous pressures whenever the ocular pressure is raised and this enables 
an adequate pressure-gradient, or difference in pressure between the intra- 
ocular arteries and intra-ocular veins, to maintain a sufficient blood flow 
through the eye. The quantity of blood flowing in unit time (or volume 
flow) does not, however, depend solely on the height of the pressure-gradient. 
Other factors play a part, notably the: vascular resistance. This is the 
resistance to the flow of blood through the arteries, capillaries, and veins; 
the most important element of which it is composed is the calibre of the 
vessels themselves, particularly that of the arterioles. 

Poiseuille’s formula relates the factors which influence the volume of 
fluid passing through tubes of uniform bore in a given time. Providing the 
pressure-gradient remains constant, the volume flow varies as the 4th power 
of the radius of the tube. This means that a small variation in the bore 
results in a considerable variation in volume flow. For example, an increase 
in calibre of 20 per cent. will result in an increase of over 100 per cent. in the 
volume of fluid passing through a tube in a given time. The formula cannot 
be applied directly to the problem in question as many of the requirements 
(uniform calibre, no branching, streamlined flow, etc.) are not met. It is 
clear, however, that even minor alterations in the calibre of the vessels, 
especially those on the arterial side, must profoundly alter the vascular 
resistance and hence the volume flow. 

The diameters of the intra-ocular vessels in glaucoma have not been ad- 
equately investigated. There are several isolated allusions to the calibres 
of the retinal vessels in chronic glaucoma and these are contradictory, 
possibly in part for the reason that the corresponding ocular pressures are 
not specified. Bailliart (1935), for example, states that in chronic glaucoma 
both retinal arteries and veins are narrowed; Duke-Elder (1940), writing of 
chronic congestive glaucoma, states that retinal veins are engorged. 
Furthermore, these writers do not state whether they are considering blind 
eyes or those in which retinal function is present. 

Interest in the question of possible alterations that might occur in the 
intra-ocular vessels was aroused by the finding (Dobree, 1954) that there is 
considerable dilatation of the anterior ciliary arteries in conditions of 
chronically raised ocular pressure. 

A preliminary series of observations was made by means of a graticule in 
a fundus-measuring ophthalmoscope. It soon became clear that apart from 
those occurring in very high tensions the calibre variations encountered 
were not great and that a more accurate method of measurement was de- 
sirable. Fundus photography was eventually employed to record the changes 
in calibre of the retinal vessels in a series of cases with differing degrees of 
raised ocular tension. 


Clinical Material 
Patients.—Thirteen eyes of eleven patients were examined. Twelve of the eyes 
were from patients suffering from chronic glaucoma simplex and one from a 
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patient with juvenile glaucoma. Cases were divided into four groups according 
to the tension at the time of the initial photographs, as follows: 

(1) Tension over 60 mm. Hg (Three) 

(2) Tension between 50 and 60 mm. Hg (Four) 

(3) Tension between 40 and 50 mm. Hg (Three) 

(4) Tension below 40 mm. Hg (Three) 


As it was necessary to dilate the pupils in order to photograph the fundus vessels, 
the width of the angles was confirmed by gonioscopy and only eyes possessing wide 
or medium angles were included. 

Particular care was taken to exclude any case in which there was any ciliary con- 
gestion. As is commonly found in cases of chronic simple glaucoma (Sugar, 1951) 
the eyes were macroscopically white. 

It was particularly desired to examine the fundus vessels in eyes in which there 
was a functioning retina, rather than a blind eye in which the vessels were passing 
through a functionless pressure chamber. Accordingly the vision in the selected 
eyes had to reach a standard of 6/36, or better. The visual fields were restricted 
in some cases, but both these and the visual acuity were virtually unchanged before 
and after reduction of pressure. 

As it was thought that the state of the general circulation influences the local 
ocular vascular reactions, the systemic B.P. was taken in all cases and an assessment 
of the degree of arteriosclerosis of the retinal vessels made (the implication of this 
is discussed later). 

The details of the selected cases are set out in Table I. 


TABLE I 
CLINICAL DETAILS OF TEST CASES 
(Patients in order of age) 





| Blood Pressure’ | Visual Field Initial | Method of Final 
(mm. Hg) Eye | Visual | 1/330 White Tension | reducing tension | Tension 
| Acuity | (min.-max.) | (mm. Hg) (mm. Hg) 





22 
22 
31 
40 


150/80 10° — 30° 
150/80 5°—40 


77 | Operation 





| Operation 








| 
| 

145/80 7°—10° | | Operation 
20°—s0° | 


| Operation 





° | £ Pilocarpine 
2°-90° | Diamox 31 





26 


40° — 80° { Pilocarpine 


| 
| 
| 
Diamox | 
| 
| 
| 
| 
| 





31 
27. 
31 
30 


Pilocarpine 


5°—80° | 
| Pilocarpine 
| 
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| 
| 

| 
45°—85° | 
40° —90° | 
| 

| 











Pilocarpine 








40° —85° Operation 





30 


45° —90° | Pilocarpine 


Diamox 





30 


45° —80° | Pilocarpine 


1amox 





40°— 50° | Pilocarpine 20 
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Controls.—Seven control eyes were examined. Case 1 was a glaucomatous eye 
which had the same tension (50 mm. Hg) both before and after an unsuccessful 
filtering operation. Cases 2 and 3 were the two eyes of a patient suffering from 
pseudo-glaucoma. These were with marked progressive arcuate field defects but 
no rise of tension had ever been found over an observation period of some 4 years; 
the photographs in this case were taken at an interval of 6 months. The four 
others were normal eyes but were subjected to the same miotic and photographic 
routine as the glaucomatous cases. The controls came from similar age groups 
to the test series and none had any evidence of generalized vascular disease. 


Procedure 

The initial photographs were taken either before any form of treatment had 
been given or, in those patients who were on miotics, after these had been with- 
held for 24 hours. The fundus photographs were taken with a Nordensen camera 
on 35 mm. colour film. The time of the actual photography in all cases was 
between 11.30 a.m. and 12.30 p.m. The reason for limiting the time was to ensure 
that should a diurnal calibre variation occur in the retina as it does in the episclera 
(Dobree, 1953; Kleinert, 1954) it would tend to be present both before and after 
reduction of tension to the same degree. Dilatation of the pupil was effected by 
1 per cent. homatropine (without cocaine) in every case, and the tension was 
checked by a Schiétz X tonometer before and after the photograph. In one eye 
only was there any appreciable rise in tension after homatropine and in this case 
it was rapidly reduced by miotics. This experience of the effect of homatropine 
on the tension in simple glaucoma is similar to that of Kronfeld and others (1943) 
and Sugar (1948). 

The second photograph, showing the condition of the retinal vessels when the 
tension had been lowered, was taken after the pressure had been well stabilized. 
In the cases in which the reduction of tension had been effected by operation a 
month was allowed to elapse before the photograph was taken. In cases in which 
the tension was lowered by 2 per cent. pilocarpine this was given three times daily 
for 1 or 2 weeks including the same morning as the photograph was taken. In 
both sets of cases 1 per cent. homatropine was used as before. Even although 
pilocarpine had been given some | or 2 hours previously in some cases, sufficient 
dilatation was obtained to get good fundus photographs. 

No change in vessel calibre was accepted as such unless it were in clear focus in 
both photographs. Each pair was first examined to ensure that the same mag- 
nification of the fundus camera had been used on each occasion. This was done 
quite simply by superimposing the two transparencies and making sure that all 
points coincided. 

The transparencies were then placed on a microscope stage and selected vessels 
in good focus from each pair measured by an eye-piece micrometer at a magnifica- 
tion of 54 diameters. Where possible the main, upper, and lower temporal vessels 
were chosen, but in some cases if one group was not in sufficiently good focus the 
corresponding nasal vessels were substituted. A third vessel was also taken if 
the first two showed differences in behaviour. The actual site selected for measure- 
ment was between 0-5 and 1 disc diameter from the disc, at a site which could 
easily be identified on each photograph and where the calibre was regular. The 
reason for choosing a site some distance from the disc was to ensure as far as pos- 
sible that vascular pulsations, which are always most marked on the disc itself, had 
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not entered the picture. (It turned out that, as the pulsations are more marked 
at the higher levels of intra-ocular pressure, any that did occur would have les- 
sened rather than increased the calibre differences found). 26 pairs of arteries and 
26 pairs of veins were measured on the test series, and ten pairs of arteries and 
thirteen pairs of veins in the control series. 

Each vessel was measured eight times by the eye-piece micrometer, and the 
standard error, mean diameter, and percentage difference in diameter between 
each pair of vessels were calculated. A significance level of 1 per cent. was chosen; 
the significant differences in the vessel diameters at the 1 per cent. level are marked 
with an asterisk in Tables II to V. 


TABLE II 


CHANGES IN ARTERIAL CALIBRE 
(Eyes in order of degree of tension) 





Tension Calibre Per cent. 


(mm. Hg) Artery Difference 
High Tension | Low Tension 


77 UT 29-75+°47 24-25+ -36 —18-5* 


73 UT 20-37+-18 15-37+-18 —24:6* 
LT 24-50+-18 19-37+ +26 —21 «3% 


67 LT 19-00+ -26 14-37+-18 —24-4* 
UN 20:30+ -18 15-60+ -18 ~—23-4* 


55 UT 31:00+-19 31-12+-22 + 0-4 
LT 26°37+-18 23°87+°23 —.9-5° 
UN 24-87+-13 22-88+-12 — 8-0* 


UT 26°81+-29 25-62+ +26 
LT 30-00+ -18 25-00+--18 


UT 21°87+-23 21-75+:16 
LT 19-87+ -23 20-25+ -18 


UT 21-00+ -00 21-87+° 
LT 24-00+ -18 24-63+-18 


UT 23°87+ +38 22°37+° 


UT | 25-25+-18 25-00+- 
LT 18-87+-18 19-00+- 


UT ; 18 
LT : 18 
LN ; 18 


UT : -13 
LT ‘ -00 


31 UT , 19 
LT -50+ -18 


25 UT ‘ 18 
LT : 18 
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Findings 
(1) Calibre Changes after Reduction in Tension 


Arteries Veins 


ee ive oe Decrease... sa --» 16) 
Increase ... re Ramee Ne: Increase ... oe «=o 1: +26 
No significant change ..._ 15) No significant change ... 71 
The calibre reductions were most marked in the eyes having the higher 
initial tensions .and the calibre increases were small. A further analysis 
of the results in the four tension groups demonstrates these trends: 


Arteries (Table II) 
Group I (Over 60 mm. Hg initial tension). All five arteries in this group 


underwent a reduction in calibre varying from 18-5 to 24-6 per cent. on 
reduction of tension. 

Group II (Initial tension between 50 and 60 mm. Hg). Of the nine arteries 
in this group, four underwent a decrease in calibre of 9-5, 8-0, 16-7 and 
4-4 per cent. respectively, and one an increase of 4-1 per cent; the other 
four vessels showed no significant change. 

Group III (Initial tension between 40 and 50 mm. Hg): None of these 
five arteries showed a change. 

Group IV (Initial tension below 40 mm. Hg). One vessel showed an in- 
crease of 5-7 per cent.; six showed no significant change. 

Control Group (Ten arteries) Table III.—Two arteries showed a change of 
calibre of 5-8 and 4-4 per cent. respectively, the other eight showed no change. 
The vessel which showed the change of 5-8 per cent. calibre was the second 
photograph of one of the two eyes of the patient suffering from pseudo- 
glaucoma, and the one showing a difference of 4-4 per cent. from one of the 
normal eyes which had been given pilocarpine for a week. 


TABLE Ii 
CHANGES IN ARTERIAL CALIBRE 





Photograph Per cent. 
Controls Artery Difference 
i Second 
A UT , 18 21-12+ -26 


UT ; 16 20-38+ -18 
LN s -00 15-37+-18 


UT . -18 19-75+-16 
LT . +12 | 20-64+-26 
UN . +12 16-37+ -32 
UT . -18 | 20-124- 
UT . . 20-75+: 
UT 2: . 22-00+: 
UT . . 19-87+:35 
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Veins (Table IV) 

Group I (Over 60 mm. Hg initial tension). All six veins in this group 
underwent a reduction in calibre of between 14-6 and 28-9 per cent. 

Group II (Between 50 and 60 mm. Hg initial tension). Of the eight veins 
in this group, four showed a decrease in calibre varying between 8-9 and 
19-7 per cent., one showed an increase of 3-6, and the remaining three 
no significant change. 


Group IIT (Between 40-50 mm. Hg). Of the six veins in this group, three 
showed a decrease in calibre varying between 6-7 and 12-2 per cent., one 


TABLE IV 
CHANGES IN VENOUS CALIBRE 


(Eyes in order of degree of tension) 





Tension Calibre Per cent. 
(mm. Hg) Vein Difference 
High Tension | Low Tension 
77 UT 40-25+ -36 30-50+-18 —24-2* 
UN 33-75+ +36 24-00+ -26 —28-9* 


73 UT 33-12+-29 25°75+°25 —22-3* 
LT 33-12+-29 24°87+°12 —24-1* 


67 UT 24-00+ -32 20-50+ +26 —14-6* 
UN 19-75+-16 16:00-+ -27 —18-9* 


55 UT 40-63 + -26 35-63+:°19 —19-7* 
LT 39-37+ -26 35:75:25 — 9-0* 


51 UT 35-25+:16 35-37+-09 + 0:3 
LT 35-25+:-16 31-12+-°37 — §-9* 


51 UT 24-37+:26 24-25+°15 S 
51 UT 37°75+°31 39-12+°22 
LT 41-25+ -36 41-50+.-18 
UN 23-63+°18 24-25+°12 


UT 33-37+ 63 31-12+- 
LT 33-87+°48 29-75 +25 


UN | 23-624-18 | 21-87-4-22 
UT 23-504+-18 | 23-254-25 
LT 27-874:23 | 29-00+-18 
UN 19-374-18 | 19-874-09 


33 UT 31-50+-12 29-85+ 22 
LT 24-25+°13 22-37+°13 


31 UT 31-00+ -18 31°25+°13 
LT 37-50+ -26 38-12+-35 


25 UT 24-12+ +29 21-25+-16 
LT 29-62+°18 24-87+-12 

































































UT=Upper Temporal UN=Upper Nasal 
LT=Lower Temporal , ons LN=Lower Nasal 
P <0-01. 
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showed an increase in calibre of 4-0 per cent. and the remaining two no 


significant change. 


Group IV (Below 40 mm. Hg). Of the six veins in this group, four showed 
a decrease in-calibre varying between 5-5 and 16-2 per cent. and the remaining 


two no significant change. 


Control Group (Thirteen veins) Table V.—Only one vein showed a sig- 


nificant change, a difference of 5-8 per cent. 


This was the eye (of the patient 


who had pseudo-glaucoma) which also showed an increase in calibre of one 
of the arteries in the second photograph. 


TABLE V 


CHANGES IN VENOUS CALIBRE 





Control Vein 


| 
| 


Photograph 


Per cent. 
Difference 





| 


First 


Second 





UT 
UN 


| 20-624 +12 


25-12+.-18 


20-37+-18 
25-00 -26 





UT 
LT 


28-50+ -32 
32°50+°18 


29-12+ -38 
34°25+°16 





UT 


LT 
UN 


24°50 -26 


28:62+:26 


22-12+-12 


25-124 -22 
27: 50+ +38 
21-874 -22 





UT 
LT 


22-87+ +34 
28-124 -22 


22:75 + +45 
28-00 -26 





UT 


22-12+-40 


21-75+:-25 





UT 
LT 


22:12+-12 


32-87+-40 


2275+ +26 
32-374 -42 





UT 


| 26-87-+4+35 


27:75+ +46 


| 
| 
, 
| 
| 
| 
| 





*P <0-01. 


This analysis shows that the most striking calibre changes took place in 
those eyes in which the initial tensions were high. It was in these cases that 
the greatest difference between the higher and lower ocular tension was 
encountered, sO it is not possible to state whether the vascular dilatation 
occurs pari passu with increases in intra-ocular pressure, or whether, as the 
tension rises, there is a critica) level beyond which, a dilatation commences. 
There are theoretical reasons for believing that the latter state of affairs 
prevails and the point is discussed later. 

The less marked changes occurring in eyes with the lower initial tensions, 
which were more marked on the venous side, are believed to have a physio- 
logical basis. The fact that calibre changes of a similar degree in both 
arteries and veins occur in the control group supports this view. It may be 
recalled that Kleinert found calibre changes of both arteries and veins in 
the episclera of glaucomatous patients and normal controls. The venous 
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side of the general circulation especially is known to respond to physiological 
changes such as alterations in temperature or in emotional states, and it is 
quite possible that the retinal vessels share in these changes. 


(2) Size of Vessels showing Variations in Calibre—As far as can be seen 
from examination of the photographs, any variation in calibre of the larger 
vessels was present to a similar degree in its smaller branches. In some 
cases small vessels in the vicinity of the disc of the size of the 4th or Sth 
branching of the main branches were found to show the calibre changes. 
(See vessel indicated by arrow in Figs 1 (a) and 1 (5), overleaf). This point 
is of considerable importance, for the main vascular resistance is known to 
reside not in vessels of the size of those which were actually measured but in 
_ the smaller arterioles and precapillaries. It may be well at this juncture to 
remember that in this study the retinal circulation alone has been con- 
sidered and no knowledge of the much more extensive choroidal circulation 


has been gained. 


(3) Relation of Changes in Calibre to General Hypertension and Arterio- 
sclerosis.—It has been suggested that a patient suffering from raised systemic 
blood pressure, by virtue of the raised arterial pressure-head, should be able 
to maintain a better ocular circulation in conditions of raised ocular tension 
than a patient with a lower systemic blood pressure. This was first pointed 
out by Sulzer (1897) and there are many other clinical observations to support 
the findings (Bailliart, 1922; Gallois, 1933, 1935; Lauber, 1935; Gandolfi, 
1939; Legrand, 1948; Weinstein and Foldes, 1953). Furthermore, arterio- 
sclerosis of the retinal vessels, by rendering them less elastic, should influence 


the calibre changes found. This series is too small to allow any definite con- 
clusions to be drawn regarding the effect of the general circulation on the 
changes. Most of the subjects, being in the higher age groups, had blood 
pressures and retinal vessel changes normal for their age. The study will 
have to be extended to glaucomatous cases which show (a) hypertension 
without arterial thickening and (b) arteriosclerosis without hypertension, 
before the effect of the general circulation on glaucoma can be established. 


Discussion 

It has previously been established that when the ocular tension rises 
purely local pressure changes take place in the intra-ocular arteries and veins. 
These pressure changes are of considerable importance in maintaining the 
ocular circulation. The results of the present investigation probably 
indicate that there is a further mechanism whereby the circulation is protected: 
viz., a dilatation of the intra-ocular vessels which facilitates the blood flow 
by fowering the vascular resistance. 

Although these two compensatory mechanisms may Sinsiieie: together, it 
is possible that the vascular dilatation is more in evidence at the higher 
tension levels, In the more moderate degrees of raised tension the local 
rise of both the intra-ocular venous and arterial pressures would seem to be 
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Fis. 1(a).—Fundus of a case of chronic simple glaucoma (ocular tension 73 mm. 


Hg). Both arteries and veins are dilated. 


sufficient to overcome the circulatory embarrassment and maintain an 


adequate blood flow. If the ocular pressure becomes progressively higher, 
however, this mechanism will become less and less effective. The reason 
for this is that the pressure-gradient or difference between the pressure-head 
(or available arterial pressure) and the outflow (or intra-ocular venous) 
pressure becomes less as the intra-ocular pressure rises. For, although 
the venous pressure can be progressively raised so as just to surmount the 
ocular pressure, the arterial pressure is limited by the pressure in the oph- 
thalmic artery. If an extreme case be taken, if the ocular pressure approxi- 
mates to the mean arterial pressure the pressure-gradient must be extremely 
small. If, therefore, in the higher ranges of ocular tension the mechanism 
of a “ rise of local pressure ” is less effective, it is suggested that the second 
mechanism, the “ dilatation of the intra-ocular vessels’? becomes increas- 
ingly important. It has been stated that for any given pressure-gradient 
more blood must flow when the vessels are dilated than when they are con- 
stricted, and a very small increase in calibre would be sufficient to lower the 
vascular resistance and greatly to improve the ocular circulation. 

The experimental work of Porsaa (1941) and Linnér (1952) seems to bear 
directly on the results of the present study. In these experiments the intra- 


ocular pressure remained constant, or nearly so, but the pressure-gradients 
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Fic. 1(6).—The same fundus with the tension reduced by operation to 22 mm. Hg; 
arrows indicate a very small artery which shows the same calibre reduction as the 
larger vessels. 


in the intra-ocular vessels and the vascular resistance imside the eye were 
varied in different series of experiments. 

Amongst Porsaa’s studies are measurements of the calibre of the retinal 
vessels when the resistance to blood flow was varied. The resistance was 
increased by raising the pressure of the cerebro-spinal fluid and thereby 
compressing, the retinal veins in the optic nerve sheath. Porsaa found in 
most instances that the obstructionsto the flow was associated with a dilata- 
tion of both arteries and veins. In both sets of vessels the variation in 


calibre ranged from 10 to 30 per cent. 

Other studies include the measurement of the retinal vessels when the 
pressure-gradient had been reduced by profound reduction of the pressure- 
head by lowering the general blood pressure. Whatever the means by which 
this reduction in blood pressure was effected, whether by acetylcholine, 
faradic stimulation of the depressor nerve, cardiac inhibition or by bleeding, 
the result was the same, namely a dilatation of the retinal vessels. Further- 
more, this dilatation was shown by Porsaa to be a local ocular reaction 
coming on after the fall in systemic blood pressure and not part of it. 

Linnér measured the volume flow through the uveal circulation. He 
found that ligation of the carotid, which reduced the blood pressure by 53 
per cent. only effected a reduction in blood flow by 19 per cent. Linnér 
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suggests that there is a compensatory mechanism whereby a reduction of the 
vascular resistance is effected by a dilatation of the smaller arterioles of the 
uveal tract. 

The cerebral circulation in conditions of raised cerebro-spinal fluid pres- 
sure has many features common to the circulation in the glaucomatous eye. 


Both sets of vessels are enclosed in rigid casings and in both the pressure of © 


the surrounding fluid is transmitted to the interior of the vessels. The 
cerebral circulation is, moreover, more amenable to experimental study, so 
that a brief account of certain relevant findings in the field will be given. 

The classical studies of the calibre changes of pial vessels are those of 
Wolff and Forbes (1928). They made direct observations through a trans- 
parent window let into the cranium of an animal.. When the cerebro-spinal 
fluid pressure was raised no change in the pial vessels occurred until a height 
four or five times the normal was reached. As the pressure was increased 
beyond this point a slowing of the blood in the veins was observed. There 
followed a dilatation of the veins, then a dilatation of the arteries, and 
finally, when the pressure had been sufficiently increased, an emptying of the 
arteries and complete cessation of the blood flow. 

The studies of the circulation in the eye and brain just described seem to 
support the original hypothesis, namely, that in glaucoma the intra-ocular 
circulation is first adjusted by means of pressure changes in the vessels and 
is augmented by a dilatation of the intra-ocular vessels. Should the intra- 
ocular pressure approximate even nearer to the pressure in the ophthalmic 
artery, one would expect to find, as did Duke-Elder (1926) in his experimental 
studies, an actual collapse of the intra-ocular vessels. This obliteration of 
the vessels has not been observed clinically in chronic glaucoma but may 
occur in absolute glaucoma. One such eye for example (not included in 
this series because it was sightless), in which the tension was over 90 mm. 
Hg, had almost complete obliteration of all the arteries at the disc during 
diastole. This eye, as is common in the more advanced cases of absolute 
glaucoma, developed cataract, so that the state of the vessels in extreme 
degrees of tension has not yet been ascertained. 

The actual cause of the vascular dilatation can only be conjectured. An 
increase in vascular pressures would seem to be unlikely because in glaucoma- 
tous subjects a rise of pressure inside the blood vessels would be com- 
pensated by a comparable increase of pressure outside them. A more likely 
solution would seem to be that the circulatory embarrassment leads to a 
lack of oxygen or an excess of carbon dioxide acting directly on the walls of 
the vessels, and as elsewhere in the body, leading to vasodilatation. 


Summary 


(1) A photographic study has been made of the calibre changes in the 
retinal vessels occurring in chronic glaucoma simplex. 
(2) A comparison was made by photographing the retinal vessels when 
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the tension was high and again after the tension had been lowered by miotics 
or operation in a series of cases with differing degrees of raised tension. All 
cases had moderate or good retinal function. 

(3) The changes were most marked in cases with the highest initial tension. 
These eyes were found to have a dilatation of both arteries and veins when 
the tension was raised. 

(4) The dilatation is thought to be a local compensatory mechanism 
whereby the blood flow through the organ is improved by lowering the 
vascular resistance. It is most likely to come into play in the higher degrees 
of raised ocular tension. 

(5) Calibre variations of a less degree were found in the test cases with 
. lower tension and in the controls. These are thought to have a physiological 
basis. 


Ishould like to express my thanks to Dr. Peter Hansell and to the staff of the Dept. of Medical 
Illustration at the Institute of Ophthalmology for their skill in producing the accurate pairs of 
photographs on which this work entirely depends. 

My thanks are also due to Sir Stewart Duke-Elder and Dr. M. Langham for their helpful 
criticism and to Mr. J. Ridge for much good advice on the statistical presentation. 
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RETINITIS PIGMENTOSA* 
PATHOLOGICAL FINDINGS IN TWO CASES 
BY 


D. R. LUCAS 


Wernher Group for Research in Ophthalmological Genetics, Medical Research Council, 
Royal College of Surgeons of England 


ALTHOUGH retinitis pigmentosa is a fairly common affection and an im- 
portant cause of blindness, relatively few cases have been examined histo- 
logically. Cogan (1950) found some twenty cases in the literature and 
himself described three more. The condition most commonly shows a 
recessive mode of inheritance (Sorsby, 1951), and all the cases so far des- 
cribed for which family histories are recorded appear to be of this type. 

The present paper records two further cases, one of which shows a clearcut 
dominant mode of inheritance. 


Case Records 


Case 1, a male aged 63, dying of carcinoma of the tonsil with terminal bronchopneu- 
monia, was totally blind and gave a history of nightblindness from the age of 28 and 
subsequent progressive deterioration of vision. Ophthalmoscopy showed very extensive 
pigment formation, pale waxy discs, attenuated vessels, and bilateral posterior polar 
cataract. A sister was similarly affected; two of her three children were seen and found 
normal and the third was reputed normal. 


Case 2, a female aged 60, dying of carcinoma of the breast, gave a history of long- 
standing nightblindness and poor vision; her maternal grandfather went blind, and her 
two brothers and her mother were almost blind. Both eyes showed typical retinitis 
pigmentosa, the right disc was waxy, and the left showed early atrophy; there was no 
cataract; visual acuity was 6/24 in the right eye and 6/36 in the left eye; there was peripheral 
field contraction and annular ring scotoma. 


Pathological Examination 


Case 1.—Both eyes had been fixed intact in Zenker’s fluid shortly after death. 
The left eye had been divided horizontally through the optic nerve and fovea and 
the right vertically through the equator, and the lenses removed. Paraffin sections 
were stained with haematoxylin and eosin, Mallory’s trichrome stain, phospho- 
tungstic acid haematoxylin, and azan. 


Right Eye 
Retina.—In the immediate vicinity of the macula a few short, thick cones with a 
single row of nuclei are preserved. Beneath the cone nuclei is a thick layer of glial tissue. 
The inner nuclear layer and layer of ganglion cells are preserved although the number 
of cells is considerably diminished (Fig. 1, opposite). More peripherally no visual cells are 
preserved and the inner layers are considerably disorganized by patches of gliosis. There 
is extensive deposition of pigment in the retina, most pronounced just central to the 
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Fic. 1.—Case 1, right eye, 
retina in immediate vicinity of 
fovea. A somewhat ragged 
row of cone remnants is seen 
with a layer of glial tissue. 
The inner layer shows a good 
degree of preservation. H and 
E. x300. 


oo ie as 
equator but not confined to this region. The pigment is in the form of large globular 
masses clustered about rounded hyaline bodies some of which can clearly be identified as 
hyalinized blood vessels (Fig. 2). The pigment epithelium is intact at the posterior pole and 
periphery, but in places in the equatorial region it meiges into the retinal remains and 


Fic. 2.—Case 1, right eye, 
Tetina in equatorial region 
showing masses of pigment sur- 
rounding what appears to be a 
hyalinized blood vessel. H and 
E. x 300. 
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cannot be identified as a separate structure. In this area there are patchy adhesions 
between the retina and Bruch’s membrane (Fig. 3). Bruch’s membrane is intact through- 
out the sections. The inner limiting membrane is markedly thickened. 


Fic. 3.—Case 1, right eye, 
retina in equatorial region 
showing area where pigment 
epithelium is disrupted and 
adhesions have developed. 
PTAH x150. 


Choroid.—The choroid is enormously thickened at the posterior pole for roughly 
2 mm. each side of the macula. The large arteries show mural thickening and peri- 
adventitial deposition of fibrous tissue. Pigment is scanty in the thickened area, but 
normal elsewhere. The choriocapillaris is within normal limits, except in the foveal 
region where the capillary walls are thickened (Fig. 4). Fig. 5 (opposite) shows the 


appearance of the choroid in Case 2 for comparison. 
Optic Nerve-——The optic nerve shows no obvious atrophy. 


Left Eye.—Equatorial sections only are available of this eye so that a full description 
cannot be given. The changes in the equatorial region are like those in the right eye. 


Fic. 4.—Choroid in _ foveal 
region of right eye, Case 1, 
scleral edge only just visible 
at lower edge of picture. Note 
enormous increase in thickness 
and sclerosis of large vessels 
and choriocapillaris. Fixation 
inAZ. HandE. x150. 
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Case 2.—The right eye was fixed in Zenker’s fluid and the left in 10 per cent. 
formalin. Both were divided horizontally through the posterior pole. Paraffin 
sections were cut and stained with haematOxylin and eosin. Cellular detail was 
poorly preserved in both specimens. - 

Right Eye 

Retina.—A row of short thick cones is preserved in the foveal region and small 
groups of cone remnants persist on the temporal side right to the periphery. The inner 
retinal layers are also best preserved in the foveal region, although readily recognizable 
everywhere. The number of cells in the inner nuclear and ganglion cell layers is some- 
what reduced and there is some disorganization of these layers and gliosis on the nasal 
side Pigment deposition is most pronounced just central to the equator; on the nasal 
side it takes the form of large globular masses forming cuffs to hyalinized retinal arteries; 
on the temporal side it is mostly in relatively small discrete masses or granules with no 
vascular localization, and hyalinized retinal arteries without pigment cuffs are seen. The 
pigment epithelium is everywhere intact and loaded with pigment. Bruch’s membrane 
and the inner limiting membrane are intact. 


Choroid.—The choroid is of normal thickness and shows no obvious abnormality 
(Fig. 5). 


Fic. 5.—Choroid in foveal 
region of right eye, Case 2. 
Fixed in AZ. H and E. x150. 


Optic Nerve.—The optic nerve is not obviously atrophied. 


Left Eye.—After fixation in formalin, macroscopic examination of the left eye showed a 
well-defined zone of branching filamentous pigment deposits between the posterior pole 
and the equator (Fig. 6, overleaf). The retina was thin and transparent except for an area 
about 3 mm. in diameter round the macula where it had a filmy grey opaque appearance. 

Retina.—No visual cellsare present in thesections which did not, however, pass through 
the centre of the fovea. Disorganization of the retina is more severe than in the right 
eye, pigment deposition is almost exclusively in the form of large pigment clumps surround- 
ing hyalinized vessels. The pigment epithelium is broken up and merges into the retina 
in localized areas in the equatorial region. Bruch’s membrane and the inner limiting 
membrane are intact and normal in appearance. 

Choroid.—The choroid is not obviously abnormal. 


Optic‘Nerve.—The optic nerve shows no apparent atrophy. 
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Fic. 6.—Case 2, left eye, 
macrophotograph of fundus 
between equator and posterior 
pole showing characteristic 
branched pigment deposits. 


Discussion 

So far as the retina is concerned, the histological changes in retinitis 
pigmentosa recorded in the literature are relatively consistent. The es- 
sential features are loss of the visual cell layer, preservation to a greater 
extent of the inner nuclear layer and ganglion cells, varying degrees of gliosis, 
and pigment invasion along the retinal blood vessels. Retinal struciure is 
best preserved in the immediate vicinity of the fovea, and pigment invasion 
is most pronounced in the equatorial region. 

Some authors have found the choroid normal, others have reported 
abnormalities. The most consistently recorded changes are sclerosis of the 
larger arteries, which, considering the age of most of the cases examined, is 
not altogether surprising, and partial or complete disappearance of the 
choriocapillaris. The loss of the choriocapillaris has been found to correspond 
to the most severely damaged areas of the retina. A much more serious 
degree of sclerosis of the choroid affecting its stroma was reported by 
Wagenmann (1891) and Ascher (1932). The question arises whether the 
variations in the choroid can be ascribed to physiological variation, senile 
changes, incidental complications, or just to poor preservation in post- 
mortem material, or whether, as suggested by Ascher (1932), there may be 
two varieties of retinitis pigmentosa corresponding to the different modes of 
inheritance, the primary seat of the iesion in one being the retina and in the 
other the choroid. 

Optic atrophy has been recorded by some authors, others specifically stated 
the nerve to be normal, and some were doubtful, or recorded no opinion. 

Posterior polar cataracts are often present, especially in longstanding cases. 

As already pointed out by Cogan (1950), many of the cases in the literature 
are either not adequately established as genuine cases or have serious 
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secondary complications which may be difficult to differentiate from the 
primary lesion. In order to try to establish how far the various discrepancies 
can be accounted for in the ways mentioned and how far they are likely to 
represent real differences in the primary lesion, all the cases in the literature 
have been scrutinized. Table I contains those cases in which the clinical 
and pathological detail is adequate to establish the diagnosis beyond reason- 
able doubt and to exclude the presence of serious secondary ocular disease. 
Table II (overleaf) contains cases excluded from Table I for the reasons stated. 

The retinal lesion has frequently been attributed to deficiencies in the 
choriocapillaris (Gonin, 1903; Nettleship, 1907; Hepburn, 1938; and most 
authors reporting a deficiency). Six of the eleven cases in Table I are 
reported to show complete or partial absence of the choriocapillaris. Leber 
(1916), however, considered that, taking into consideration the age of the 
patient and nature of specimen, the variations reported in the choriocapillaris 
could well be within normal limits. It is of interest to note that in the three 
cases in which the eye was enucleated during life (Stock, 1908; Suganuma, 
1912; Verhoeff, 1931) the choriocapillaris was found to be within normal 
limits. The evidence presented does not establish a lesion of the chorio- 
capillaris as essential to the pathology, far less as a causal factor. 

The increase in choroidal stroma and loss of vascularity described by 
Wagenmann (1891) and Ascher (1932) seem to make their cases exceptional. 

Six of the ten cases in Table I are recorded as showing optic atrophy, so 


TABLE I 
ACCEPTABLE UNCOMPLICATED CASES 





Age of | Age at | History | Surgical 

Author Date | Patient} Onset or 

(yrs) (yrs) Night- Necropsy Atrophy 
blindness 


Fixative Optic Choroid 








Landolt 59 Yes Necropsy _ Yes Choriocapillaris diminished 














Wagenmann Necropsy | Muller Yes Gross thickening (chorio- 
capillaris ———- absent) 
| vessels reduced 











Aubineau Yes | Necropey | 1 sublimate | No ——— of choriocapil- 


1 formalin | laris; sclerosis of large 
| vessels 
Lister i; Yes | Necropsy | Spirit “* discs Choriocapillaris atrophied 





pale” 


Stock Yes | Surgical | Zenker Yes Normal 


Suganuma Yes Surgical | Formalin Yes Slight atrophy; chorio- 
capillaris normal 


Verhoeff Ear Surgical { Zenker | he = (some endarter- 
: itis 




















Koyanagi Necropsy | Formalin Choriocapillaris absent in 
stretches and thickened; 
choroidal arteries re- 


duced in number 





Choriocapillaris lacking in 
stretches; gross thicken- 
ing centrally 





Choriocapillaris normal 
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TABLE IL 
CASES WHICH ARE UNACCEPTABLE IN PRESENT SURVEY 





Author { Date ( Reason for Non-Inclusion in Table [ 


Leber ... eae nab +. | 1869 | History of blindness from birth 








Poncet a5 has a 1875 | Case of stationary nightblindness 
Deutschmann age «. | 1891 Unilateral 








Biirstenbinder 8 soe 1895 Age at onset late; complicated by acute inflammatory changes 
Gonin... “a Fe se 1902 Unilateral 








Ist ... Bee Complicated by glaucoma, no history 
/ 2nd et Complicated by total glaucoma 





Henderson 





\2nd and 3rd | \ No family or clinical details 





Stein, ae 
\ 4th... pls ( Retinal changes atypical; probably syphilitic 











Ginsberg Aue eae esate: | jo <¢ pli ad by tub \ yh Aditis and optic neuritis 





Greeves 3a ee “i | Complicated by tuberculous choroiditis 





McKee ees ei! ree | No family or clinita) history—description very short 





Friedenwald ... ata Be |. Wassermann reaction positive 
Blumand Babel)... = | } Details lacking and description rather short 











Cogan 3rd and 4th ... CEPR | | Complicated by glaucoma 





that this cannot be regarded as an incidental feature resulting from the 


presence of other ocular disease, nor is there any correlation with the age 
of the patient and duration of the disease. 


Present Cases.—In both the cases recorded here the clinical findings were 
entirely characteristic of retinitis pigmentosa and no other ocular complica- 
tions were present. The family histories are available and some of the 
relatives were seen so that the mode of inheritance can be established with 
some certainty. Case 1 shows a recessive mode of inheritance. In Case 2 
the occurrence of the disease in three generations establishes clearly a 
dominant mode of inheritance, which is of particular interest since the cases 
in the literature for which a family history is available are not of this type. 

The histological changes in the retina in both cases conform to the general 
description already given. In Case 1 they are a good deal more advanced, 
and in Case 2 the changes in the left eye are more advanced than in the right. 
Thus in Case 1 and in the left eye of Case 2, there is some breaking up of the 
pigment epithelium in the equatorial regions with glial adhesions developing 
between the retina and Bruch’s membrane. 

Cogan (1950) considered that breaking up of the pigment epithelium and 
the formation of glial adhesions to the choroid, as seen in both these cases, 
were more consistent with pseudo-retinitis pigmentosa. The latter is a 
confusing term used by Blum and Babel (1948) to cover acquired retino- 
pathies, but, since the latter are frequently inflammatory in origin, each term 
wrongly describes the lesion to which it is applied. Coats (1913) attempted 


to distinguish between inflammatory and degenerative lesions in a series of 
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animal retinopathies by applying a similar criterion. Various other authors, 
including Stock (1908), Suganuma (1912), Koyanagi (1931) and Verhoeff 
(1931), have also reported breaking up of the pigment epithelium in localized 
areas and, provided Bruch’s membrane is intact, there is no reason to con- 
sider this feature as throwing doubt upon the diagnosis, 

Cogan (1950) has pointed out that the hyaline masses with cuffs of pigment 
are generally assumed to be occluded vessels, but are, in fact, more numerous 
than can be accounted for in this way. Some are undoubted vessels but, 
unless a lumen containing red cells or a vena comites can be demonstrated, 
it is impossible to be sure. In the cases recorded here this was seldom the 
case, although in several instances apparent [umina were seen (Fig. 2). 

The choroid in Case 1 is of particular interest since the appearances 
closely correspond with Ascher’s (1932) description. No photographs of 
Wagenmann’s case are available, but his description is also similar. These 
three cases are therefore exceptional in showing a degree of choroidal 
sclerosis which cannot be accounted for by age or apparent incidental 
complications and it remains to be decided whether these choroidal changes 
justify separating retinitis pigmentosa into two types, or have any causal 
significance. If the three cases are to be regarded as a distinct entity, there 
isno correlation with the mode of inheritance as suggested by Ascher (1932), 
since Wagenmann’s case and Case 1 are, like most of the reported cases, 
recessive. As to causal significance, no vascular lesion can readily account 
for the selective destruction of the rods which occurs early in the disease, as 
is shown by the early onset of nightblindness. 

The choriocapillaris in Case 1 shows fairly well marked thickening of the 
walls in the foveal region (Fig. 4) and this is where the retina is best preserved. 

The choroid in Case 2 shows no obvious abnormality (Fig. 5). 

Yn neither case was the optic nerve noticeably atrophied, and the present 
cases, like those of Cogan (1950), offer no histological explanation for the 
characteristic ““ waxiness ’ of the discs, 

Integrating the present cases with those listed in Table I, the final position 
with regard to the two controversia) aspects of choroid and optic nerve is 
that nine of the total of twelve cases have shown no positively established 
lesion of the choroid; six have shown marked optic atrophy, five have not, 
and one is uncertain. Since Case 2 is the only known dominant case, there 
sno correlation between either of these variables and the mode of inheritance 
and, if the choroidal variety is to be regarded as a separate entity, the be- 
haviour of the optic nerve is still inconsistent in both types since both 
Wagenmann’s and Ascher’s cases showed atrophy whereas Case 1 does not. 
On the evidence at present available it must therefore remain an open 
quesiion whether retinitis pigmentosa can be regarded as a single entity 
showing different modes of inheritance. 


It is perhaps of interest finally to note the occurrence of similar diseases in 
the animal kingdom. Verhoeff (1931) suggested that retinitis pigmentosa 
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might be comparable with the recessive character “‘rodlessness”’ in the mouse 
described by Keeler (1924, 1926); and Bourne, Campbell, and Tansley (1938) 


considered it directly comparable with a recessively inherited retinal de- 
generation occurring in the rat. The latter considered that their findings 
lent experimental support to the suggestion of Collins (1919) that retinitis 
pigmentosa was an abiotrophy of the neuro-epithelium. More recent work 
on the inherited retinopathies in the experimental animal has shown, how- 


ever, that the degeneration commences during the later stages of retinal 
differentiation (Karli, 1952; Sorsby, Koller, Davey, Attfield, and Lucas, 1954; 


Tansley, 1954; Lucas, Attfield, and Davey, 1955). 


Summary 


The histological findings in two cases of retinitis pigmentosa have been 
described. One is of interest because it shows an abnormality of the choroid 
noted in only two previous cases and the other because it is the first case with 
a dominant mode of inheritance to be examined pathologically. 

The cases of retinitis pigmentosa previously recorded in the literature 
have been reviewed with particular reference to inconsistent findings in the 
choroid and the variable occurrence of optic atrophy. The possibility of 


more than one type of the disease is considered. The discrepant findings 
could not, however, be correlated with the mode of inheritance. 


Both the cases studied here came under the care of Dr. M. Lederman of the Royal Marsden 
Hospital, to whom I am indebted for the clinical information and for arranging for the histo- 
logical material to be made available. 
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SOME OCULAR MANIFESTATIONS OF PREMATURITY* 


BY 


N. L. McNEIL 
Barnsley, Yorks. 


IT is not proposed to add further to the literature on retrolental fibroplasia 
by describing further cases of the fully-developed disease. The picture 
presented by those cases not showing the fully-developed cicatricial end- 
stages has not been described to nearly the same extent in Great Britain. 

In a classification of the cicatricial end-stages of retrolental fibro- 
plasia produced by Reese, King, and Owens (1953) for the National 
Society for the Prevention of Blindness (U.S.A.), five grades were described, 
ranging from a small peripheral opaque mass in the fundus without visible 
retinal detachment, to retrolental tissue covering the entire pupillary area. 
Szewzyk (1953) also discussed a terminology and classification. Both 
systems were primarily based on variations in fundus appearances. There 
was less emphasis on functional variations. In the cases described below 
the functional capacities as well as the ophthalmoscopic appearances are 
recorded. 

Case Histories 
Case 1, a male infant, born in July, 1951, birth weight 4 lb., 8 weeks premature, oxygen 
therapy after birth (duration and concentration not known). Now aged 4 years, and 
appears to be a normally intelligent child of normal size and weight. 

Right Eye.—Anterior synechiae present 7 to 10 o’clock, broad retinal fold running 
from the optic disc downwards and temporally becoming flatter as it merges into 
an indistinct peripheral mass. Retina atrophic in central area with some shiny crystals. 

Visual Acuity.—Nil or virtually so. Refraction +2 D sph. 

Left. Eye—No synechiae, disc enlarged and thickened by excess formation of glial 
tissue, vessels run over the disc, mostly temporally in a broad sheath (Fig. 1, oppo- 
site). No nystagmus. 

Visual Acuity.—Impossible to assess, but the patient can see reasonably well with spectacles, 
though he gazes to the left whilst looking at an object straight ahead. Refraction —9 D 
sph., 3 D cyl. at 90°. 

Case 2, a male infant, born in December, 1951, birth weight 3 lb. 6 oz., about 8 weeks 
premature, oxygen therapy for an unknown period. The child is definitely backward in 
physical and mental development. 

Right Eye.—No synechiae, a large grey raised band runs from the disc temporally into 
a large peripheral grey mass. The remainder of the retina is atrophic with mottled 
pigmentation. 

Visual Acuity.—Perception of light. 

Left Eye.—Posterior synechiae, complete retrolental membrane present, early 
cataractdus changes occurring in the lens, nystagmus. Refraction not known. 


Case 3, a male infant, born in June, 1952, birth weight 3 lb., 8 weeks premature, oxygen 
therapy for an unknown period. The child is backward in development. 
Right and Left Eyes.—No synechiae, a large broad band runs from optic disc temporally 
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OCULAR MANIFESTATIONS OF PREMATURITY 


Fic. 1.—Case 1, left eye, show- 
ing thickened raised disc, ab- 
normal vessel pattern, and de- 
pigmented myopic retina. 


in both eyes and disappears peripherally and anteriorly, the remainder of the retina 
shows atrophic changes with some crystalline deposits in the left eye, nystagmus. 
Visual Acuity——Perception of light. Refraction not known. 


Case 4, a female child, born in November, 1947, birth weight 3 lb., 8 weeks premature, 
oxygen therapy for an unknown period. The child is normal physically and mentally. 
Right Eye.—Disc pale and appears to have been pulled temporally, a narrow raised 
fold runs from the disc temporally into a peripheral hyaline mass, and a non-branching 
vessel runs in the free edge of the fold; the pattern of the remainder of the retinal vessels 
is abnormal (Fig. 2). 
Visual Acuity—Hand movements. Refraction —2 D sph. 


Fic. 2.—Case 4, right eye, 
showing distorted disc, non- 
branching vessel running on 
free edge of fold, abnormal 
retinal vessel pattern, and peri- 
pheral mass. 
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Left Eye.—Distortion of disc as in right eye. An indefinite thickened greyish retina runs 
temporally for about three disc diameters, the retinal vessels form a narrow horizontal 
V pattern. Bilateral rotatory nystagmus. 

Visual Acuity.—6/24 pt. Refraction —4 D sph., —2 D cyl. at 90°. 


Case 5, a female infant, born in February, 1953, birth weight 2 lb. 12 0z., about 8 weeks 
premature, in oxygen for an unknown period. For the first 18 months of life, this child 
was backward both mentally and physically, but recently there has been a marked improve- 
ment and she is now developing well physically, and visually is taking much more notice. 

Right and Left Eyes.—A well-marked fold runs temporally from the disc into a 
peripheral mass. The vessels over the remainder of the retina are few in number and 
attenuated, a large vessel runs in the free edge of the fold in each eye. Coarse nystagmus. 
Eccentric gaze. Refraction —3-5 D sph. 


Case 6, a male child, born in May, 1950, birth weight 2 Ib. 6 oz., 8 weeks premature, was in 
oxygen for an unknown period. A physically normal child. 
Right Eye.—Distorted pale disc with dragging over of the vessels towards the temporal 
side, atrophic-looking retina, no fold seen. 
Visual Acuity—About 6/60. Refraction —11 D sph., —3 D cyl. at 180°. 
Left Eye.—Posterior synechiae present, atrophic iris, retrolental membrane. Eccentric 
fixation. Rapid horizontal nystagmus. 


Case 7, a boy, born in July, 1940, birth weight 3 lb., 8 weeks premature, in oxygen for an 
unknown period. Has a right hemiplegia dating from birth which has begun to recover 
slightly. First attended at the age of 14 years with a right convergent squint which had 
been present for years but was ignored because of his other disabilities. 

Right Eye.—A narrow retinal fold on the nasal side of the fundus runs from the disc to 
the ora, no peripheral mass, a vessel runs on the free edge of the fold, the remainder of the 
retina) is atrophic in appearance. Small hypermetropic errors. 

Visual Acuity.—Less than 6/60. 
Left Eye.—Normal appearance. Small hypermetropic errors. 
Visual Acuity.—6/6. 


*Case 8, a male child, born in December, 1949, birth weight 3 lb.,in oxygen for an unknown 
period. The child is backward and has a congenital absence of the left hand. He 
first attended at the age of 4 years with a convergent squint. 

Right and Left Eyes.—Both fundi show a laterally distorted disc with the retinal vessels 
running directly temporally. Myopic crescent in the left eye with some pigmentation 
and mottling of the macular area. 

Visual Acuity.—Difficult to estimate but with spectacles appears to be reasonably good: 
Right —7-5 D sph., —1-5 D cyl. at 90°. 
Left —8-5D sph. 
Left convergent strabismus with bilaieral external rectus palsy, no nystagmus. 


Case 9, female infant, born in May, 1950, birth weight 3 lb., 8 weeks premature, oxygen 
given for an unknown length of time. A normally developed child. 

Right Eye.—Depigmented fundus but no other abnormality. Refraction —1-75D 
sph., —1D cyl. at 10°. 

Left Eye.—Disc full and slightly raised in front of level of surrounding retina. Some 
distortion of disc and vessels. Refraction —4:25 Dsph. No nystagmus. 


Case 10, female infant, born in May, 1952, birth weight 2 lb. 13 oz., 8 weeks premature, 
oxygen for an unknown period. A normally developed child. First attended at the age 





* This boy has two brothers, the elder of whom weighed 2 Ib. 11 oz. at birth and the other 5 lb. The former was 
never given oxygen and has refractive errors of about + 1D sph., +1°5 D cyl. at 90° in each eye; his vision is 
good. The second brother is said to have no visual defect and has not been examined. 
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of 2 years with a left convergent squint. Neither eye showed any fundus abnormality 
apart from a myopic appearance. Refraction —9 D sph. 


Case 11, female child, born in February, 1948, birth weight 43 lb., 4 weeks premature, no 
oxygen given, a normal healthy child. First attended at age 2} with a right convergent 
squint. 

Right Eye.—Posterior polar cataract, an unusual retinal fold appears to be suspended 
from a persistent hyaloid artery; the upper free border of the fold extends from the lens 
to the disc, and the lower free border sweeps down on to the retina to a point half way 
between the disc and equator at 7 o’clock (Fig. 3). The peripheral retina shows some 
areas of healed choroidal inflammation. 

Left Eye-—Normal appearance, small hypermetropic error. 


Fic. 3.—Case 11, semi-dia- 
grammatic fundus painting of 
right eye, showing lower free 
edge of fold sweeping on to 
retina with choroidal lesions 
lying more peripherally. The 
details of the surfaces of the 
fold cannot be seen as they 
run directly backwards. 


Case 12, a boy, born in May, 1940, birth weight 3 lb. 15 oz., 6 weeks premature, whether 
he received oxygen after birth is not known. 
Right and Left Eyes.—A typical myopic appearance and vitreous floaters: 


Visual Acuity: Right —11 Dsph., —2D cyl. at 90°=6/12. 
Left —11-5D sph., —1-5 D cyl. at 90°=6/18. 


Case 13, a girl, born in July, 1943, birth weight 4 Ib. 5 oz., 8 weeks premature, no oxygen 
‘therapy. This child is normal physically. 

Right and Left Eyes——The fundi appear to show severe myopia, the fundi and discs 
being pale with a large conus but no other abnormality. No nystagmus. 

Visual Acuity: Right —22 D sph., —i D cyl. at 180°=6/18. 
Left —21 D sph.=6/12. 

It seems hardly believable that this child was not found to have defective vision until 

the age of 10. Since then there has been no appreciable change in the refraction. 


Case 14, a male infant, born in June, 1953, birth weight 6 Ib., said to be 6 weeks premature, 
and to have had premature characteristics in spite of the weight. No oxygen therapy. A 
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normal child who attended for a right convergent strabismus. The vision appeared to 
be within normal limits, with no fundus changes and no nystagmus. 
Refraction: he —0-75 D sph., —1-5 D cyl., at 180°. 
Left —0-75 D sph., —0-5D cyl., at 180°. 


Cases 15 and 16, twin girls, born in 1946, birth weight 5 lb. each (approx.), 4 weeks 
premature, no oxygen therapy, normal physically. They were first seen at the age of 6 
years and were found to have severe myopia. Their fundi show no abnormality other 


than a myopic appearance. No nystagmus. 


Refraction: Joan Right —10 D sph. Left —7-5 D sph., —2 Dcyl., at 180°. 
Josephine Right —13 Dsph, Left —14D sph., 2 Dcyl., at 180°. 


Discussion 

Cases 1-7 could be classified as cases of abortive retrolental fibroplasia. 
Cases 8, 9, and 10 might also be included in this group. The remainder 
would not appear to fit into the retrolental fibroplasia category, though 
they were born prematurely and have ocular anomalies. 

Rubinstein (1952) described five cases of retrolental fibroplasia occurring 
in this area, and of the ten eyes described five did not show the final end- 
stage of the disease. In the series of visual defects in premature children 
recorded in this paper, only two of 32 eyes showed a true retrolental fibro- 
plasia. It would thus appear that the incidence of ocular defects other than 
a retrolental membrane are more common than the presence of the membrane 
itself. The following defects occurred in more than one case in this series: 


(1) Myopia.—Present in 22 out of 32 eyes. There is no doubt that myopia is a 
frequent result of prematurity and this fact has not escaped many American 


observers. 
In this small series the defect occurred both with and without an associated 


anatomical defect and also both with and without the use of oxygen in the im- 
mediate post-natal period. The myopia varied in severity. Eight of the children 
were discovered to have myopia before the age of 5 years—a fact which is in itself 
unusual. It is the writer’s impression that these myopes are not progressive in 
the same way as “‘ normal” myopes, but the period of observation is too short 
and the number of case too few for a definite opinion to be expressed. 

None of the cases included in the series had a myopic family history. Two 
other premature myopic children were excluded from the series on the grounds of a 
strong myopic family history. Case'8 is of interest because of his two premature 
brothers who are not myopic. It may be that oxygen therapy was an added factor 
in the development of the myopia in this case. 


(2) Retinal Folds.—These are well-known end-results of the oxygenation of pre- 
mature children, and form Grade 3 of the American classification referred to at 
the beginning of the paper. Case 11 may be out of context in this series but 
the unusual fold occurring in a premature child (who did not receive oxygen) 
warrants its inclusion; apart from the unexplained choroidal (? foetal) lesions 
there had been definite failure of normal regression of the hyaloid system and the 
formation of a fold. Mann (1937) described the ophthalmoscopic appearances 
of congenital retinal folds as follows: 
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The solid appearance of the fold, the septum-like connection with the retina, the presence 
of branches of the retinal artery on the fold, and the attachment anteriorly to the ora 
serrata with strands passing to the lens near the equator are characteristic. 


The temporal situation of most folds and the presence upon them of embryonic 
vessel remnants were also emphasized. This description applies generally to the folds 
found in premature oxygenated children. Some of the cases in this paper have 
non-branching vessels on the folds which are possibly hyaloid in origin. It is 
certain that retinal folds occur in full-term children. Jameson Evans (1954) 
confirmed that Mann’s Case 5 was a normal child of 7 lb. birth weight. It does 
appear that the formation of retinal folds is dependent primarily on the failure 
of regression of the hyaloid system, whatever the cause of this latter may be. 
Ashton (1954), Ashton and Cook (1954), and Ashton, Ward and Serpell (1954) 
have fully described the further stages in the development of retrolental fibroplasia 
‘by a process of vaso-proliferation, mesenchymal proliferation, and contractures. 
(3) Distortion of the Disc and Abnormal Vessel Patterns.—These defects are the 
results of traction on the vessels and disc by a cicatrizing process in the periphery 
of the fundus. 

(4) Gliosis of the Dise.—Excess formation of glial tissue (the mesenchymal cells 
of Serpell, 1954) is the basis of this appearance. 

(5) Eccentric Fixation.—This is associated with a functional displacement of the 
fixation centre to the temporal side of the normal macular position. Rather 
unexpectedly one case had no nystagmus. 

(6) Nystagmus.—This varied from a coarse searching type to a fine rapid nystagmus; 
anatomical deformity of the fundus was present in all cases showing this sign. 


Summary 


The ocular condition of a number of premature children is described. All 
of them showed some ocular defect not amounting to the typical picture of 
retrolental fibroplasia. Some of the defects are discussed briefly and 


enumerated. 


I am indebted to Mr. E. G. Mackie and Miss E. Hatherley for permission to report on some 
of the cases. I wish to thank the Barnsley Hospital Management Committee for the loan of the 


fundus paintings. 
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HYPOTONY AFTER CATARACT EXTRACTION* 


* BY 
JOHN H. DUNNINGTON 


Department of Ophthalmology of Columbia University and the Institute of 
Ophthalmology, Presbyterian Hospital, New York 


TREACHER CoLLIns (1917), in his classical article on the sequelae of persistent 
hypotony, stated that the pathological changes in the ocular tissues were 
“brought about cither from the relaxation of tissues usually kept taut or 
from altered conditions in the circulation ”. Subsequent reports have only 
confirmed the accuracy of these observations. Within recent years the 
physiology of hypotony, especially the influence of neurogenic factors, has 
been investigated by many authors (Magitot, 1917, 1918; Schmidt and de 
Decker, 1930; Weekers, 1932; Kronfeld and Lin, 1937: Poos, 1952; Kronfeld, 
1953), yet very little consideration has been given to the signs and symptoms 
produced by a continuing low ocular tension. In this paper the varying 
nature of both the symptoms and the complications of persistent hypotony 
will be emphasized. 

Experimental studies indicate that, although the posterior part of a limbal 
wound heals very slowly, a well-closed cataract incision is strong enough to 
withstand normal intra-ocular forces by the end of nine days (Yasuna, 
Ojers, Frayer, and Scheie, 1954; Gliedman and Karlson, 1955). Further- 
more, it has been shown that when any rise in intra-ocular pressure occurs 
during the first week after operation aqueous humour will seep through 
the wound without disrupting it (Dunnington, 1955). The clinical appear- 
ance of such drainage is a boggy conjunctiva) flap throughout the entire 
length of the incision without evidence of hyphaema. Under normal con- 
ditions the oedema of the conjunctival flap disappears and union becomes 
firm by the end of 10 days. However, when healing is impaired, the aqueous 
humour continues to leak and the globe remains hypotonic. In as much as 
this drainage may be constant or intermittent, complete or incomplete, the 
accompanying signs and symptoms are not uniform. They are determined 
by the completeness and constancy of the loss of the anterior chamber. tis 
well, therefore, to subdivide the cases into the following two types, which 
differ greatly in onset, course, and clinica) manifestations: 


(1) Shallow or Absent Anterior Chamber with Choroidal Detachment.—Yhis 


type of wound leakage presents a well-known and characteristic clinical picture. 
The globe is moderately congested and very soft. The wound is flat and appears 


well, closed, although close inspection may reveal a slight irregularity at the site of 
* Read at the Royal Society of Medicine on May 12, 1955. 
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one or more corneo-scleral sutures. The cornea is clear at first but becomes hazy 
if the condition persists. The anterior chamber is extremely shallow or absent, a 
difference. detectable only by the corneal microscope. In the presence of a peri- 
pheral iridectomy, the pupil is either round or slightly irregular and usually 
moderately dilated. The vitreous is ballooned forward through the pupillary area 
and often touches the posterior surface of the cornea. If a complete iridectomy 
has been made this area of contact extends upward to the wound. Very extensive 
choroidal detachments are always present. This condition usually occurs spon- 
taneously during the second post-operative week but may be preceded by a hy- 
phaema. In these instances the blood clot, by acting as a wick, prevents closure 
of the wound. As we have all observed, this form of hypotony may persist from 
one day to several weeks. Although most of these leaking wounds close spon- 
taneously in a few days without sequelae, persistence of the condition may lead to 
irreversible corneal changes and secondary glaucoma. Consequently, many 
measures have been advocated within recent years to insure prompt and permanent 
restoration of the anterior chamber. Early reformation has been facilitated by 
the use of a slanting incision, physiologic glue (thrombin), and tight closure with 
deep corneo-scleral sutures; but subsequent loss of the anterior chamber is still a 
frequent happening. When the anterior chamber is absent, there is great variation 
in the speed with which permanent corneal opacities and peripheral anterior 
synechiae develop. However, it does appear to be largely influenced by the com- 
pleteness of the contact between the posterior surface of the cornea and the intra- 
ocular tissues. Chandler (1947, 1954) believes that four or five days is the 
maximum time an eye will tolerate an absent anterior chamber without developing 
undesirable sequelae. Kronfeld (1954), in an analysis of 83 cases with delayed 
reformation or late loss of the anterior chamber, observed no cases of glaucoma 
among the 66 patients in whom restoration had been completed by the sixth 
post-operative day, but found six cases of glaucoma among the seventeen patients 
in whom the anterior chamber remained absent for 9 or more days. In an attempt 
to evaluate the significance of prolonged absence of the anterior chamber, we 
reviewed the records of 800 patients upon whom we had performed cataract 
extractions. In this series there were eighty cases in which the anterior chamber 
was absent on or after the 9th post-operative day and did not reform for at least 4 
days. Twelve (15 per cent.) of these eighty eyes developed glaucoma: in six of them 
the ocular tension has been brought under control, by miotics, surgery, or both, 
and good vision has been maintained. In four of the other six cases the vision 
remains good (20/50 or better), but for 2 or more years the ocular tension has 
been consistently above 35 mm. Hg Schidtz. The glaucoma became absolute in 
the other two cases and enucleation was necessary in one of them. The pathological 
diagnosis in this eye was glaucoma secondary to epithelization of the anterior 
chamber. In this series permanent opacification of the cornea occurred only in 
the two cases of absolute glaucoma. Thus it would seem that although glaucoma 
is to be expected when the anterior chamber remains flat for 4 or more days during 
the second or third post-operative week, secondary corneal opacification does not 
develop with the same frequency. 

(2) Delayed Fistulization without Loss of Anterior Chamber .—In contrast to the 
findings just described and usually attributed to post-operative hypotony, there is 


another symptom complex produced by fistulization of an operative wound. In 
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these cases the fistula is small and is the result of a localized defect in healing. This 


imperfection may be the final outcome of a large opening (Type [), but is more 
frequently seen in eyes without a history of delayed reformation or subsequent 


loss of the anterior chamber. These tiny dehiscences are produced by a slough 
around a deep suture or by incarceration in the wound of a fragment of lens 


capsule or iris. Because of their minuteness they are prone to become covered 
with a thin layer of epithelium which ruptures from time to time. Thus the symp- 


toms are characteristically intermittent. At first the complaints appear trivial, 
but as the condition progresses they assume serious proportions. - The usual 
history is an uncomplicated operation with a normal immediate post-operative 
course and a good visual result. After a few weeks or months the eye becomes 
vaguely uncomfortable, with episodes of blurred vision and profuse lacrimation. 
Frequently the patient states the discomfort disappears promptly with the onset of 
tears but that the vision clears more slowly. Although the symptoms often occur 
on awakening and disappear within 30 minutes, they may take place at any time 
and may persist for hours. Between attacks the vision is unaffected, the eye is 
white, the cornea is clear, and the anterior chamber is of normal depth and free 
of microscopic signs of inflammation. The wound may be smooth but often 
contains a barely detectable localized irregularity or a small cystoid cicatrix. The 
pupil is either round or slightly distorted with the apex of the irregularity directed 
towards the site of the opening. The ocular tension is either normal or low. On 
palpation the eye at times becomes soft and a simultaneous shallowing of the 
anterior chamber is observed, but when manipulation is stopped it usually regains 
normal depth. The fluorescein test may or may rot be positive. As weeks pass 
the episodes usually increase in frequency and in severity, the vision begins to fail, 
and the globe becomes tender and injected. Examination at this time reveals 
mild ciliary congestion, an anterior chamber of normal depth with a moderate 
number of cells, fine posterior synechiae, and clouding of the anterior part of the 
vitreous. Choroidal detachment is very rarely seen unless the hypotony is extreme. 
In these instances papilloedema and retinal oedema in the macular region are also 
encountered. There may be a thin membrane on the posterior surface of the 
cornea adjacent to the area of fistulization with the surrourding cornea showing 
epithelial oedema and stromal striation. However, in other cases, the only ob- 
jective findings may be a mild iritis and clouding of the anterior part of the vitreous. 
In most untreated cases the symptoms progress and vision is eventually lost. The 
sequelae are opacification of the cornea or bullous keratitis, epithelization of the 
anterior chamber, iris bombé, secondary glaucoma, vitreous opacification, and 
endophthalmitis. 

When the tension remains more or less normal throughout the entire course of 
the disease, it is difficult to demonstrate the exact site of drainage because the 
fluorescein test as usually applied yields negative findings. However, a positive 
reading can often be obtained if the real nature of the condition is suspected and 
the test done in the following manner: : 

After the eye has been anaesthetized by instillation of tetracaine hydrochloride soJution 
(0-5 per cent.), firm pressure is made along the incision with a tightly wound cotton 
applicator moistened with 2 per cent. aqueous solution of fluorescein. The small amount 
of dye thus applied along the incision, combined with direct pressure to the globe, fre- 
quently discloses the exact location of the tiny opening; but in as much as drainage is often 
intermittent, the test may have to be repeated several times. 
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Although we have observed cases with long-standing profound hypotony 
in which no such irritative symptoms have been present, once they begin they 
do not subside spontaneously. Cases with intermittent fistulization are to be 
differentiated from those with hypotony produced by excessive filtration. 
This Jatter condition is a common finding after corneo-scleral trephining, 
and as long as the conjunctival covering of the filtering area remains intact the 
eye is free from symptoms. However when the thin layer of epithelium 
ruptures, the irritative signs and symptoms of intermittent fistulization 
develop. In many cases both the patient and the oculist ignore the mild 
attacks of lacrimation and blurred vision, until a fulminating secondary 


infection sets in. 


Discussion 

Little attention need be directed to the complications that follow a pro- 
longed absence of the anterior chamber because the investigations of 
Kronfeld (1953), Post and Harper (1953), Weekers and Delmarcelle (1953), 
and Dunnington (1955) have clearly demonstrated the frequency with 
which glaucoma occurs in these cases. An analysis of eighty cases 
with this complication showed that 15 per cent. of them developed a raised 
ocular tension. In contrast to the widespread recognition accorded this 
type of wound leakage, scant consideration has been given to the equally 
serious delayed form. The triviality of the initial signs and symptoms 
account for both delayed recognition and postponed therapy. If these 
fistulae are allowed to persist, epithelization of the anterior chamber is the 
most frequent complication. Delayed fistulization was demonstrable in 
eight of ten cases of histologically proven epithelization. In the two others, 
the anterior chamber was slow in reforming, and it also formed and emptied 
several times during the first month after operation. Another disastrous 
end-result of this second type of hypotony is the so-called “late. infection”. 
Five such cases were encountered in private practice and a history indicative 
of intermittent drainage was obtained in all of them. In three of these five 
patients the mild symptoms were of several years’ standing. Both papilloe- 
dema and retinal oedema have been seen in cases of post-operative hypotony. 
In one instance the oedema of the retina was so severe that the referring 
oculist had made a diagnosis of detachment of the retina. In others some 
permanent reduction in visual acuity has resulted from long-standing oedema 
in the macular region. Similarly, a persistent uveitis associated with in- 
creasing opacification of the vitreous can be caused by a fistulizing wound. 


Treatment 


It is difficult to evaluate any treatment in Type 1 because spontaneous 
reformation is the rule. However, if leakage persists for more than 4 or 5 
days, serious consideration should be given to removal of the corneo-scleral 
sutures, particularly the deeply inserted ones. The drainage track they 
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create is a very common cause for delayed loss of the anterior chamber. 
Many believe the condition can be cured by an injection of air into the an- 
terior chamber, but Chandler (1947), Reese (1948) and Leahey (1951), have 
pointed out that this procedure is not sufficient. They think air injection 
must be combined with release of the subchoroidal fluid, and they consider 
the latter as the most important single measure in therapy. In our experience 
restoration of the anterior chamber by an injection of air has not proved 
satisfactory. In many cases the chamber became flat again as soon as the 
air absorbed, and in others the air got behind the iris and pushed it into the 
wound. We believe that in the type of affection which occurs during the 
first 2 weeks after operation, conservatism is the treatment of choice. In 
those rare instances where complete contact persists, surgical treatment is 
indicated. If no leak can be demonstrated, the procedure of Reese (1948), 
Leahey (1951) and Chandler (1954), should be employed; but when localized 
drainage can be detected, closure of the opening combined with evacuation 
of the subchoroidal fluid appears to be the logical treatment. The contents 
of the globe are reduced by withdrawing this fluid, and this causes the 
vitreous to recede and removes all pressure from the wound. The normal 
resilience of the structures enables the surfaces of the wound to fall into 
apposition, and the lack of tension permits them to remain in this advant- 
ageous position. 

When a shallow anterior chamber is present a few weeks after cataract 
extraction, a discrete spot of drainage can usually be detected by the 
fluorescein test. In the early stages the fistula is often found at the site of a 
deeply placed suture. Removal of the suture and application of a mild 
cauterant, e.g. silver nitrate, is at times helpful. However, if the fistula 
persists or is delayed in its onset, surgical treatment is necessary. In as 
much as these fistulae are at times lined with epithelium, the operative 
procedure should include: 

(a) excision of the cystoid scar 
(5), light cauterization and curettage around the opening 


(c) closing the dehiscence with a suture 
(d) covering the opening with a fornix-based conjunctival flap. 


This technique, which had been described previously (Dunnington and 
Regan, 1949) is neither new nor original; it is essentially the same as used by 
the late J. M. Wheeler (1939) for closing post-operative fistulae. 


Summary 


Persistent hypotony after cataract extraction is invariably the result of 
diffuse or localized wound leakage. When the drainage is diffuse spon- 
taneous cure usually takes place and therapy is needed only to prevent the 
development of damaging adhesions. However, when the drainage is 
localized and persistent, the fistula must be closed. The symptoms vary 
with the amount of drainage. In severe cases there is complete absence of 
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the anterior chamber, extensive choroidal detachment, and a soft irritable 
eye; in mild cases the anterior chamber is present, choroidal detachment is 
rarely visible, ocular tension is often normal, and the irritative symptoms are 
slight. The subsequent courses of the two types are also very different. 
Persistent absence or extreme shallowness of the anterior chamber is followed 
by central corneal damage, extensive peripheral anterior synechiae, and 
secondary glaucoma. The sequelae of the second type are progressive 
opacification of the vitreous, increasing uveal reaction, macular oedema, 
-epithelization of the anterior chamber, secondary glaucoma, and late infection. 


The author wishes to express his appreciation to Dr. Ellen F. Regan and Mrs. Marjorie von 
Herbulis for their assistance in the preparation of this paper. 
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UNILATERAL BUDDING IN NEW VESSEL 
FORMATION IN THE EYE*t 


BY 


I, C. MICHAELSON 
Department of Ophthalmology, Hadassah Medical Organization, Jerusalem, Israel 


THE ophthalmologist is privileged to follow the formation of new vessels 
because of the frequency with which this occurs in the eye and because of 
the availability to him of facilities for precise examination. 

The purpose of this study is to report an interesting phenomenon frequently 
seen in the course of new vessel production in the eye. The process of 
stimulation or inhibition of new vessel formation results in the appearance of 
fine vascular twigs on only one-.side of the parent vessel, the other side being 
free of such budding. The side of the parent vessel to show budding is 
determined by the location of the exciting or inhibiting factor. The follow- 
ing examples are taken from the retina, cornea, conjunctiva, and vitreous: 


Fig. 1 illustrates the process of new vessel formation in the developing retina of 
a 56-day-old cat foetus injected with Indian ink. The budding of new vessels is 
taking place from only one side of the vein, that remote from the neighbouring 
artery. It can be assumed that the oxygen concentration in the retina is less at 
the side of the vein remote from the local artery. After the vein crosses the 
artery, the budding takes place from its other side. 

Fig. 2 shows vessels in the limbal region of a rabbit cornea injected with 
{ndian ink. These vessels have been produced in response to an experimental 
wound of the cornea not shown in the figure but lying in the direction (x). The 
budding is taking place from the side of the parent vein directed towards the corneal 
wound from which presumably the vasogenic factor emanates. 

Fig. 3 shows a corneal vessel in a case of central keratitis. The new vessel 
budding is taking place from the side of the parent vessel directed towards the 
inflammatory area from which the stimulus has arisen. 

Fig. 4 shows a limbal bleb following a successful Elliot’s operation. As usual 
in such cases there are no fine vessels on or in the immediate neighbourhood of 
the bleb. A conjunctival vessel has a dense area of budding confined to the side 
remote from the aqueous influence. 

Fig. 5 (overleaf) shows a fistulizing area in the centre of the cornea. The 
vessels are keeping away from the region of the cornea in which aqueous is present. 
Budding from the large vessel seen in the cornea above is confined to the side of 
the vessel remote from the fistulizing area. 

Fig. 6 (overleaf) shows a case of Eales’s disease with neovascularization in the 
vitreous. A frond of fine twigs is growing from that side of the larger vessel which 
is directed towards the centre of the vitreous. 
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Fic. 2.—New vessel formation in limbus 

of cornea in response to an experimental 

wound situated in direction X. Vessels 

injected with Indian ink. Budding is taking 

place exclusively from the side of the parent 
Fic. 1.—Injected retina of 56-day-old cat embryo vein directed towards the corneal wound 
showing capillary growth from veins confined to from which the vasogenic factor presum- 
side of vein away from artery. ably emanates. 


Fic. 3.—Corneal vessel in a case of | Fic. 4.—Limbal bleb after successful Elliot’s operation. 
central keratitis. The new vessel No fine vessels on or in immediate neighbourhood of bleb. 
budding is taking place entirely'from | Conjunctival vessel has dense area of budding confined 
the side of the parent vessel directed to side remote from aqueous influence. 

towards the inflammatory area from 

which the stimulus emanates. 
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Fic. 5.—Fistulizing area in centre of cornea. Budding from the large vessel seen 
in the cornea above is confined entirely to side of vessel remote from fistulizing area. 


Fic. 6.—Case of Eales’s disease with retinitis proliferans. A frond of fine twigs 
is growing from that side of the larger vessel which is directed towards the centre 
of the vitreous. 


Discussion 
These cases are typical of many others which have been observed. If 
they are considered as a group the following conclusions may be drawn: 
(1) The factor exciting or inhibiting new vessel growth is a substance in the tissues. 
(2) The concentration of the factor at any point in an avascular area is determined 
by the distance of that point from the source of the factor. 
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(3) A certain concentration of the factor is required to affect the potential 


parent vessel. 
(4) The concentration of the factor falls rapidly in the neighbourhood of the 


new vessels it has succeeded in producing. 


The unilateral budding would appear to contravert the conception that 
new vessel formation in the cornea is determined by changes in the tissue 
pressure (Cogan, 1949). It is difficult to conceive changes in tissue pressure 
following the line of the tortuous vessels seen in Figs 2, 3, 4, and 5. 

It is not known whether the vasogenic factor is the same in all the pro- 
cesses indicated above. The factor determining new vessel growth in the 
developing retina appears to be oxygen concentration (Ashton, 1954). 
Aqueous fluid appears to have an inhibiting influence on new vessel growth, 
as evidenced by the general absence of new vessel growth after iridectomy 
and by the absence of fine vessels in the neighbourhood of a fistulizing wound 
of the cornea or limbus. 

Summary 

(1) The phenomenon of unilateral new vessel budding from a parent 
vessel is described in various tissues of the eye. 

(2) This phenomenon would appear to support the conception that new 
vessel budding is conditioned by a diffusible factor or factors present in the 
tissues. 
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AUDIOMETRIC AND VESTIBULAR EXAMINATIONS IN 
RETINITIS PIGMENTOSA* 


BY 
J. LANDAU AnD M. FEINMESSER 


Departments of Ophthalmology and Ear, Nose, and Throat of the Rothschild-Hadassah 
University Hospital, Jerusalem, Israel 


DEAFNESS is one of the most frequent degenerative processes associated with 
retinitis pigmentosa (Duke-Elder, 1940; Fowler, 1947), the frequency being 
variously reported as between 2 and 43 per cent. (Azzolini and Cortesi, 1951). 
These variations in the incidence in different series may be due to the diversity 
of methods employed to measure hearing and different criteria in evaluating 
the degree of impairment. Since the introduction of audiometry as a 
routine method of measuring hearing loss, the number of reports of affected 
hearing audiometrically examined in many diseases has greatly increased. 
In retinitis pigmentosa however, the reported cases which have been ex- 
amined audiometrically were almost always in small series (Sirles and 
Slaughter, 1943; Givner and Bruger, 1947; Azzolini and Cortesi, 1951; 
dell’Acqua, 1952; Bietti, 1952; Alagna and Nizétic, 1953; Lavallé, 1953). 

During the past 3 years it has been possible to perform audiometric tests 
on a number of patients and vestibular tests in over half of them. The 
Tesults of this study are now presented. 


Materials and Methods 


The material comprises 22 patients with retinitis pigmentosa, of whom four (two 
brothers and two sisters) were siblings; sixteen were males and six females, Audiometric 
tests were carried out in all the patients and vestibular tests in fourteen. 

In addition, four children of patients with retinitis pigmentosa showing only impairment 
of scotopic vision were tested audiometrically; three were children of a female patient 
and the other of a male patient. The ages varied from 11 to 56 years, and the four 
offspring were aged 6 to 16. All audiometric examinations were performed by the same 
technician using an E-1 Maico audiometer, routine clinical examination of the ears, nose 
and throat having previously been made. Both air and bone conductions were tested, 
masking being used when necessary. Vestibular tests were performed by caloric stimula- 


tion, using cold water. 
Results 


The main results are summarized in the Table. Fourteen of the 22 patients 
examined showed abnormal audiometric curves. Nine showed a typical 
deafness of perception type. The range of this impairment is illustrated in 
the Figures, Fig. 1 being taken from the mildest case, and Fig. 2 from one 
of the severe cases. One patient was totally deaf, two showed deafness of 
mixed type, and two of conduction type (Fig. 3). In all four children of 
patients, the audiometric tests were within normal limits. 
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DEAFNESS IN RETINITIS PIGMENTOSA 
TABLE 





AUDIOMETRIC FINDINGS IN RETINITIS PIGMENTOSA 
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Audiometric Examination 










Vestibular 
Examination 





Remarks 











F 





Normal 
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reaction 













Nerve deafness bilateral 
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3 28 Nerve deafness bilateral — — 
4 32 F Nerve deafness bilateral Normal caloric _— 
reaction 
5 40 F Nerve deafness bilateral Se — 
iiatera. 
6 17 M Normal — — 
7 19 M Normal — — 
8 42 M Normal Normal. caloric — 
l reaction 
9 22 M Nerve deafness bilateral Normal caloric Parents first cousins 
reaction 
10 | 45 M | Normal | Normal _ caloric | _ 
reaction 
i 26 | F | Normal | eh ae 
12 | 35 | M | Nerve deafness bilateral | Hypo-excitability left _— 
13 16 M Conduction deafness — Laurence-Moon- 
bilateral Bied] syndrome 
14 36 | M 2 Mixed deafness bilateral | ee spe Asia me- 
Adhesive process left 
15 | 56 | M | Nerve deafness bilateral | a | a 
16 46 M Nerve deafness bilateral Normal caloric Enucleation of right 
reaction eye for glaucoma 
17 33 | M | Nerve deafness, bilateral | Normal caloric | Atypical retinitis 
reaction pigmentosa 
18° | 23 | M | Normal Normal caloric = 
f reaction 
19 | 56 | M | Mixed deafness bilateral | _ | Glaucoma 
20 | 13 | M | Total deafness | Se | toa 
wlatera 
21 | 11.) F ) Conduction , deafness | Hypo-excitability | Retinitis albescens 
bilateral bilateral 
2 | 32 | F | Normal Bi Normal _ caloric & 
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Fic. 1.—Audiogram of the mildest case of perception deafness. 
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. 2.—Audiogram of a severe case of perception deafness. 





Fourteen patients out of the total of 22 also underwent vestibular tests. 
Four were abnormal, three showing hypo-excitability on both sides, and the 
fourth on one side only; all those with abnormal reactions also had 


impairment of hearing. 
Discussion 
The occurrence of simultaneous visual and acoustic lesions in the de- 
generative disease of retinitis pigmentosa has been widely discussed. Most 
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Fic. 3.—Audiogram of a case of conduction type deafness, 


authors (Franceschetti and Klein, 1951) are of the opinion that these lesions 
are due to the “ polyphemic action of a mutated gene”. It may be assumed 
(Kjerrumgaard, 1948) that developmental anomalies of widely different 
nature and localized in various parts of the body have a common point of 
time of attack of the gene-determined lesion in embryonic life. Thus such a 
lesion might as well occur in the receptive organ of sight as in that of hearing. 


Support for such a theory is afforded by the findings of Siebenmann and 


Bing (1907) who demonstrated similar histological changes in the retina and 
in the organ of Corti of a deaf mute with retinitis pigmentosa. 

Of the 22 patients examined, two showed deafness of a conductive type 
with, however, normal otoscopic findings and no history of ear discharge. 
A clinical diagnosis of otosclerosis was made in these cases who were not 
telated. One of them showed the syndrome of Laurence-Moon-Biedl and 
the other, retinitis punctata albescens. The combination of retinitis pig- 
mentosa with otosclerosis in a family has been reported by Franceschetti 
and Klein (1948) who quote a previous report by Usher and Shennan 
(1930-31). It must be considered however that otosclerosis is quite common, 
and may occur in conjunction with a variety of other diseases, so that an 
association with retinitis pigmentosa could be fortuitous. 

Ten of. the fourteen patients examined showed normal caloric reactions. 
Six of them however had nerve deafness. These findings do not correspond 
with the statement of Fowler (1947), who writes that irritability of the vesti- 
bular apparatus is usually diminished or lacking in cases with nerve deafness 
and retinitis pigmentosa. 

The fact that the four children of patients with retinitis pigmentosa, whose 
audiometric tests were normal, showed impairment of dark adaptation is 
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worthy of note. No definite conclusions can be drawn, however, from so 
few cases. It may be assumed that the impairment of dark adaptation, in 
families with retinitis pigmentosa, is more frequent than impairment of 
acoustic function. 


Summary 

Fourteen out of 22 patients, aged 11 to 56 years and suffering from retinitis 
pigmentosa, showed impairment of hearing when tested audiometrically. 
Vestibular tests were performed in fourteen cases and ten of these gave a 
normal caloric response. 

Four offspring of two patients with retinitis pigmentosa showed normal 
audiometric values although their scotopic vision was impaired. 

The relationship between the visual and acoustic lesions is discussed. It 
is suggested that impairment of scotopic vision is more common than dis- 
turbed acoustic function in the children of patients with retinitis pigmentosa. 


We are indebted to Mrs. L. Bauberger-Tell for her help in performing the audiometric tests. 
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VASCULARIZATION OF THE OPTIC PATHWAY* 


Ill. STUDY OF INTRA-ORBITAL AND INTRACRANIAL 
OPTIC NERVE BY SERIAL SECTIONS 


BY 
J. FRANCOIS anp A. NEETENS 


From the Ophthalmological Clinic of the University of Ghent 
Director: Prof. J. Frangois 


IN previous papers we have pointed out some new facts concerning the 
vascularization of the optic nerve (Francois and Neetens, 1954; Francois 
and others, 1955a, b). In the present paper a new technique is introduced 
to confirm and amplify our previous findings. 


Technique 

The tissues to be studied were preferably taken from patients who had died of 
congestive heart failure, the blood being pressed towards the regions under 
study. All the surrounding large vessels were ligated and afterwards the optic 
nerve was dissected over its whole length from the orbital, intracanalicular, and 
intracranial contents. 

The technique employed was that of Pickworth (1934), as modified by Fazio 
and Farina (1940). The tissue, after irrigation, is wrapped in hydrophilic gauze 
and immersed from 3 to 5 days in a fixative of saturated sodium chloride (15 ml.), 
saturated glucose (15 ml.), and formol 10 per cent. (5 ml.). Frozen sections are 
then cut of approximately 50. thickness and treated as follows: 

A sodium nitro-prussate solution, 0-5 per cent. (20 parts) is mixed with 25 parts 
of a 0-5 per cent. benzidine solution; the latter, containing 2 per cent. acetic acid, 
gives a cloudy precipitate. After filtration, 80 parts aq. dist. are added to the 
filtrate. The sections are immersed in this preparation for 20 to 30 minutes at 
37°C. After irrigation by tap-water they are immersed for a further 10 minutes 
at 37°C. in oxygen water (12 vol.), rinsed in tap-water, and treated with absolute 
alcohol (to dehydration). Thereafter they are ready to be examined microscopic- - 
ally. In order to see the small capillaries it is advisable to cover the preparation 
with Canada balsam. 


Results 


In addition to confirming our previous results, the following facts emerged 
from our studies of the arteriolar and capillary vascular pattern. 


I. Arteriolar Vascular Pattern 


(1) Central Artery of the Optic Nerve-——The existence of this artery can be 
considered as a well-established fact. After piercing the optic nerve sheaths it 
Tuns towards the centre of the proper nerve tissue, where it divides into an anterior 
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and a posterior branch, both running longitudinally (Figs 1 and 2). It is accom. 
panied by the central retinal artery and vein (perhaps by other venous branches) 
as it runs towards the lamina cribrosa, where it ravels out into a capillary system; 
the posterior branch divides similarly; and from the entire lengths of both, branches 
are given off which curve widely between the bundles in the interfascicular spaces, 


Fic. 1.—Optic nerve, middle part, horizontal. 
x6. After preparing the central artery of Fic. 2.—Optic nerve, middle part, hori- 
the optic nerve up to its point of penetration zontal. x6. This section immediately 
into the nerve, horizontal sections were cut. follows that shown in Fig. 1. 
A. Central retinal artery. A. Central retinal artery. 
B. Central artery of the optic nerve dividing B. Division. of central optic nerve artery, 
into an anterior branch (Bi) and a pos- with posterior branch (B;). 
terior branch (Be). C. Venous channel. 

(2) Central Retinal Artery.—At the level of the lamina cribrosa or just behind it, 
the central retinal artery may give off important branches which immediately 
curve anteriorly at an angle of nearly 90°, lying in the longitudinal axis of the optic 
nerve and running towards the retina (Fig. 3, opposite). Initially non-nutritive 
arterioles, these branches never supply the optic nerve itself, being destined for 
the retina. 

(3) Central Vessels in the Posterior Part—These have already been discussed 
(Francois and others, 1955a). 

(4) Intracranial Part—The precapillary vascular pattern changes markedly in 
this region. Although fine independent arteriolar branches are rarely encountered . 
in the intra-orbital part of the optic nerve, they are relatively frequently observed 
in the intracranial part: most of them, after penetrating the nerve from the peri- 
phery, run for a short distance transversely and then in the longitudinal axis, 
when they divide into branches. There are thus no large central vessels, but an 





VASCULARIZATION OF THE OPTIC PATHWAY. III 
c 


Fic. 3.—Optic nerve, an- 
terior part, horizontal. x6. 
This fortunate section 
shows the central retinal 
artery (A) over avery long 
distance at the level of the 
lamina cribrosa and just 
behind it; only one large 
branch(B), with origin at C, 
curving anteriorly towards 
the papilla is found. No 
other collateral is visible. 


increasing number of arterioles which ramify without an appreciable diminution 
in calibre. 

Most of these penetrating arterioles enter the temporal aspect of the optic nerve 
(internal carotid artery), and some enter the superior aspect (anterior cerebral 
artery), but here these arterioles give off only a very small number of feeding 
capillaries. 


II. Capillary Vascular Pattern 
(1) Intra-Orbital Region in the Middle Third of the Nerve.—Here the typical 
configuration of the capillary pattern is again found. Two formations are apparent: 
First, transverse vascular units of pentagonal shape, as a complete or apparently 
incomplete ring, encircle a single nerve bundle, which is thus embraced over its 


whole length at approximately regular intervals (Fig. 4). 
B A 


Fic. 4.—Optic nerve, 
middle part, transverse. 
x 6. 

A. Transverse vascular 
system (pentagon). 

B. Black spots indicate 
sections of long- 
itudina! capillary 
system. 


Secondly, longitudinal capillary units (L.C.U.)-run antero-posteriorly and give 
rise to variegated vascular patterns so that rectangles, squares, or irregular circles 
may be seen (Fig. 5, overleaf). These vessels scrupulously respect the conducting 
tissue of the nerve bundle. 
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Fic. 5.—Optic nerve, 
» middle part, horizontal. 
- x6. Regular pattern of 
longitudinal _ capillary 
system (A), the collat- 
: erals of which give rise 
= to rectangles, and irreg- 
p ular circles (B). 


< 





A 
(2) Lamina Cribrosa and Posterior Intra-Orbital Part—So far our previous 
findings were confirmed, apart from the fact that longitudinal capillaries run 
towards the retina around the papilla, where, after a radial course, they anastomose 
with the true retinal capillaries. A continuity thus exists between the capillaries 
of the optic nerve and those of the retina (Fig. 6). 
B 


Fic. 6.—Optic nerve, 
papilla, and lamina crib- 
rosa, horizontal. x6. 
Longitudinal - capillaries 
coming from optic nerve 
(A) are continued to- 
wards retina (B) where 
they anastomose with the 
retinal capillaries. 





A 


(3) Intracranial Part of the Nerve.—Several longitudinal capillaries may be 
present in a single interfascicular space, but the transverse vascular units do not 
give off transverse branches at regular intervals in approximately the same frontal 
plane; instead, collaterals run out for some distance, curving over more than one 
bundle of fibres. The rectangular pattern seen in the intra-orbital part of the 
nerve on horizontal section is thus progressively lost, the change beginning at the 
posterior part of the intra-orbital part of the nerve and extending to the intra- 
cranial part. Here the capillary pattern undergoes two marked changes (Fig. 7): 

(a) the course of the capillaries is generally straight; 
(b) the branching is quite irregular, showing, for example, angular divisions 
like fishtails or forks. 
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Fic. 7.—Optic nerve, 
intracranial part, hor- 
izontal. x6. The 
vessels have a gener- 
ally straight course, 
with a complicated 
pattern of fishtails, 
forks, and angular 
subdivisions (A). 
Note how capillaries 
curve back upon 
themselves in hair- 
pin bends (B). 


In transverse preparations only the sections of vessels of varying sizes are seen 
which appear as points; the units encircling the bundles seem to disappear because 
they are drawn out in an antero-posterior direction. In this region also the capil- 
laries are of reduced calibre. As the chiasma is approached the curvatures become 
less angular and rounded. 

A curious appearance is seen particularly on the temporal side: the longitudinal 
capillaries arriving from the intra-orbital part of the optic nerve tend to curve back 
upon themselves in hairpin bends (Fig. 8). Most of the other capillaries from the 
temporal side make a wide curve towards the nasal side. From the top or the 
sides of these hairpin curves, anastomotic branches may run either towards the 
chiasma or towards the nasal side of the nerve; such branches are scarce in the 
temporal aspect of the nerve. The vascularization is thus denser on the nasal 
side of the nerve than on the temporal side. 












Fic. 8.—Optic nerve, 
intracranial part, hori- 
zontal. x6. Note hair- 
pin curves (A) on tem- 
poral side, scarcity of 
capillaries, and presence 
of large vessels with no 
Nutritive function (B). 
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Comparative Anatomy 


With the same technique we also studied the optic nerve of the ox and the pig. 
In the centre of the optic nerve of the ox no artery was found comparable to the 
central retinal artery in man. In the periphery of the nerve, embedded in mesoder- 
mal tissue at the level of the concavity of the kidney-shaped nerve (lamina cribrosa), 
a large artery penetrates close to the globe and enters the eye where it rapidly 
divides into end-branches to supply the retina. It seems probable that the arterioles 
in the optic nerve of the ox correspond with the central artery of the optic nerve of 
man, and the greater peripheral artery corresponds with the central retinal artery. 
In addition, ciliary vessels invade the optic nerve from the periphery, entering at 
the concavity filled with mesodermal tissue and also on the opposite side. This 
increased vascularity is normally found in the region of the papilla. In these 
animals there is also a continuity between the capillaries of the nerve and the retina. 

In the pig, large arterioles are more frequent in the optic nerve. The vascular 
supply to the optic nerve comes from the periphery from large arterioles forming 
a peripheral and axial system, and again the central retinal artery is destined for 
the retina only. The longitudinal capillary elements predominate, but, instead of 
giving off regularly occurring transverse branches to encircle the nerve bundles, 
they usually intermingle between the bundles without interruption. They also 
give off collaterals running antero-posteriorly, curving around different bundles over 
a long distance» Such an arrangement resembles the vascular pattern in the 
posterior part of the intra-orbital portion of the human optic nerve, but the rect- 
angular and pentagonal shapes are absent; these shapes sometimes occur by 
chance, as the intermingling of the capillaries may occur almost at right angles in 
the anterior part of the nerve. 

In the pig, it is remarkable that the capillaries may penetrate towards the centre 
of the bundles themselves, where they again take up a longitudinal course (Fig. 9). 


Fic. 9.—Optic nerve of 
pig, transverse. <6. The 
pattern should be com- 
pared with that of the 
human optic nerve (pos- 
terior part). Note presence 
of vessels in centre of 
bundles (X). 


Our transverse sections each contain a system of transverse pentagons: 
Since the former are 50 p. thick, it can be said that a transverse vascular unit 
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occurs at fairly regular intervals of 50; this only applies to the middle 
portion of the intra-orbital part of the optic nerve. 

Throughout the optic nerve as far as the chiasm there is an uninterrupted 
network of capillaries, in which the peripheral and ‘axial systems anastomose 
intimately. It is legitimate to speak of a terminal blood supply when the 
anastomosis between systems is confined to capillaries; but since precapillaries 
anastomose with the capillaries in the intracranial part of the optic nerve, 
a terminal supply in the true sense does not exist. 

We did not find corpora arenacea or amylacea. 

In the intracranial part the association between myelo- and angio- 
architecture seems to break down. It is important to note that arterioles 
derived from the short posterior ciliary arteries, together with vascular 
channels from the pial plexus, forming the circle of Zinn-Haller, ramify in 
the optic nerve and send capillary prolongations into the papilla and retina; 
this constitutes an anastomotic circulation between the vessels of the uvea, 
optic nerve, and retina. 

Several authors have conclusively shown that collateral branches from 
the central retinal artery may exist; but after the injection of thorotrast 
into the central retinal artery alone, provided eventual return via the capillary 
system of the retina through the central retinal vein has been blocked 
(injection of concentrated Duco), no trace can be seen in the optic nerve itself. 

Bignell (1952), injecting Indian ink into the central retinal artery without 
blocking the vein, obtained a coloration of some parts of the optic nerve: 
the dye, having traversed the capillary meshwork of the retina, may return 
by the vein; this vessel receives many branches which are filled up and colour 
the optic nerve. In spite of this, we accept the suggestion that collaterals of 
the central retinal artery may exist in the optic nerve, but they all run directly 
to the retina; there are larger vessels which may be regarded as precocious 
retinal branches, and smaller vessels occurring at the level of the papilla. 

The vascular arrangements described in this paper at the level of the 
intracranial temporal part of the optic nerve, where a rarefaction of the 
capillaries occurs and where the penetrating larger arterioles can yet have no 
nutritive function, may have some importance in vascular diseases, intra- 
cranial tumours, and infective processes. It may beconcerned with theaetiology 
of some defects of the visual field arising in the optic nerve. We are indeed 
dealing with a region where the vascular supply seems to get easily out of 
order. While micro-angiography demonstrates the entire vascular structure 
in broad survey, with the method of Pickworth we are able to delineate 
details which show clearly the differences in vascular supply in the several 
parts of the optic nerve. 

The whole optic nerve is supplied by pial vessels (peripheral system), 
but the anterior, middle, and posterior regions of the intra-orbital part are 


also supplied by an axial system (central optic nerve artery). At the level 
of the lamina cribrosa, the axial system diminishes in importance, while, at 
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the same time, branches of the short posterior ciliary arteries appear. The 
same change occurs in the intracranial part of the nerve where the axial 
system completely disappears and numerous peripheral vessels penetrate the 
nerve to give it a vascular supply. The central retinal artery takes no share 


in the vascularization of the optic nerve; but vessels from the optic nerve 
supply a vasa vasorum to the central retinal artery. 


Summary 

The staining method of Pickworth, modified by Fazio (sodium nitro- 
prussate, benzidine, and oxygen water) and the study of serial sections of 
the optic nerve give the following results: 

(1) At and behind the level of the lamina cribrosa, collateral branches of 
the central retinal artery occur, but they are destined only for the retina. 

(2) In the optic nerve itself there is a complete absence of nutritive col- 
laterals of the central retinal artery. 

(3) Capillaries may come into close contact with the central artery and vein, 
but have no direct communication with it; they occupy the role of vasa 
vasorum. 

(4) The existence of the transverse and longitudinal capillary systems is 
confirmed and their intimate structure is described in detail. 

(5) A central artery of the optic nerve undoubtedly exists. 

(6) Arterial branches run antero-posteriorly and venous branches run 
radially. 

(7) In the intracranial part of the optic nerve the axial system disappears 
and is replaced by several small independent arterioles. 

(8) The continuation of the capillaries of the optic nerve to meet the 
retinal circulation is proved; in this way cilio-retinal capillary anastomoses 
are effected. 

(9) A special type of capillary pattern is described in the intracranial 
part of the optic nerve; here the capillary system is irregular, showing hair- 
pin-like bends on the temporal aspect of the nerve from which the vessels run 
mostly to the chiasma. 
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HYALURONIDASE IN OCULAR TISSUES* 


I] HYALURONIDASE IN THE TISSUES OF THE RABBIT’S EYE 
BY 


G. MAYER, I. C. MICHAELSON, anp N. HERZ 
Haifa 


HYALURONIC acid has been found in considerable quantities in the vitreous 
humour (Meyer and Palmer, 1934) and hyaluronosulphate in the cornea 
(Meyer and Chaffee, 1940). The presence of the enzyme hyaluronidase in 
the iris and ciliary body has been referred to by Meyer and Palmer (1936) 
. and Meyer and others (1936). 

In testing theories regarding the physiological importance of hyaluronidase 
in the eye, and its role in certain pathological conditions, such as keratitis 
with vascularization, a very sensitive test for detecting the presence of 
hyaluronidase is required. In this laboratory a sensitive bacteriological 
method has been developed which enables hyaluronidase in concentrations 
as low as 0-01 turbidity reducing units (T.R.U.) per ml. to be detected 
(Mayer, 1955). This method is based on the observation that certain strains 
of capsulated streptococci lose their capsules in the presence of hyaluronidase 
(Hirst, 1941; McClean, 1941a,b). 

A series of experiments using this method has been made to determine the 
presence of hyaluronidase in the tissues of the rabbit’s eye. 


Materials and Methods 
The eye tissues of normal rabbits were removed aseptically and immediately processed 
by one of the following methods: 


(1) Grinding with sand; 
(2) Mashing with a small metal squeezer; 
(3) Mashing in a glass homogenizer. 


The third was found to be the most suitable method for our purpose since the tissues 
could be ground up until an amorphous foamy mass was obtained. The whole material 


thus extracted could be transferred to a test-tube containing a culture of capsulated 
streptococci. 


Experiments 
(1) Rabbit's Iris ——Nine irises weighing 0-2 gr. were frozen and mashed in a glass 
homogenizer, 0:4 ml. saline being added during the process. A fairly homogeneous 


suspension was obtained, and 0-2 ml. was pipetted into a test-tube containing capsulated 
Streptococci, A series of known dilutions of commercial hyaluronidase was run simul- 


taneously to produce a standard curve. All the tubes were incubated for 2 hrs at 37°C.; 
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smears of the bacterial suspensions were stained and the proportion of capsulated and 
decapsulated chains was noted (Fig. 1). Three control tubes were set up, saline being 
added instead of hyaluronidase. 

(2) Traumatized Rabbit's Cornea.—Extensive thermal lesions were caused in the right 
corneae of two rabbits by means of an electro-cautery. On the following day the corneae 
were removed aseptically and mashed in a glass homogenizer; 0:2 ml. saline was added to 
the homogenizer and 0-2 ml. of the resulting suspension was withdrawn with a pipette 
and added to the standard culture (Fig. 2). 
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(3) Aqueous Humour of Rabbit.— 
From each eye of a rabbit 0-2 ml. 
aqueous humour was removed with a 
syringe and introduced into a test-tube 
with the culture of capsulated strepto- 
cocci (Fig. 3). 

(4) Other Tissues——The cornea and 
ciliary body of the rabbit were tested 
by the same technique. 

(5) Iris Tissue—This was left to 
autolyse at room temperature for 2 
days, tested for sterility, and subse- 
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Fic. 3.—Estimation of hyaluronidase in aqueous Results 
humour of rabbit with standard curve and three Fig. 1 shows that in the standard 


saline controls. : 

curve the concentrations of hyal- 
uronidase corresponding to 0-025 T.R.U. caused decapsulation of at least 80 
per cent. of the streptococci, whereas the control tubes contained 18 and 10 
per cent. respectively of chains with very small capsules or without capsules. 
In the tube with the extracted irises there were 15 per cent. of streptococci with 
very small capsules or without capsules. This indicated that no hyaluronidase 
could be demonstrated in the pooled irises in a concentration as low as 

_ 0-025 T.R.U. per ml. 
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Fig. 2 shows that a concentration of hyaluronidase corresponding to 
approximately 0-006 T.R.U. per ml. still caused decapsulation of 100 per 
cent. of the streptococci, whereas spontaneously decapsulated organisms 
amounted to only 5-14 per cent. of the control population. In the tube 
containing traumatized cornea there were 13 per cent. of streptococci with 
very small capsules, indicating that the traumatized corneae did not cause 
decapsulation of the streptococci. In the two corneae extracted no 
hyaluronidase could be detected in concentrations as low as 0-006 T.R.U. 
per ml. 

Fig. 3 shows that the series of dilutions of hyaluronidase caused decapsula- 
tion of nearly 100 per cent. of the streptococci down to a concentration of 
approximately 0-0125 T.R.U. per ml. The concentration of 0-006 T.R.U. 
per ml. caused decapsulation in 38 per cent. of the streptococci. In the 
three controls, the percentage of chains without or with very small capsules 
was 20, 15, and 15 per cent. respectively. In the two tubes containing 
aqueous humour, the percentage of decapsulated streptococci was 13 and 2 
per cent. respectively. Hyaluronidase was absent from the aqueous of the 
rabbit down to a concentration of 0:0125 T.R.U. per ml. 

No hyaluronidase activity could be detected by these methods in the 
ciliary body, cornea, or autolysed iris of the rabbit. 


Discussion 
Our finding that no hyaluronidase activity can be demonstrated in the 


ocular tissues of the rabbit is at variance with other authors’ positive 
findings. Two possible sources of error should be mentioned: 


(a) The small quantities of hyaluronidase which might have been present 
in the tissue examined, might have become inactivated by our manipulation, 
and this might account for our negative findings. 

(b) The hyaluronidase activity found by other authors might be due to 
extraneous factors, such as contamination by hyaluronidase-producing 
micro-organisms. 


To exclude the former possibility the following recovery experiment was 
performed : 

0-25 ml. hyaluronidase containing a concentration of 0-5 T.R.U. per ml. was injected 
into the intact cornea of a rabbit. A bleb appeared and some of the injected fluid oozed 
out and was lost. The cornea was aseptically removed, washed, and ground in the glass 
homogenizer, and the contents were diluted and tested. The dilution of 1:10 of the 
homogenate gave evidence of hyaluronidase activity, proving that the enzyme had not 
become inactivated by manipulation. 


With regard to the second possibility, it should be mentioned that on 
certain occasions, when we were using the plate method of Murray and 
Pearce (1949), hyaluronidase activity appeared to be encountered in the 
cornea of the rabbit. 

In these instances we isolated a staphylococcus which had contaminated 
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the cornea and found it to be hyaluronidase-producing. The hyaluronidase 
activity, which seemed to be due to the presence of the enzyme in the tissue, 
was thus in fact due to hyaluronidase elaborated by the contaminant. 


Summary © 
The hyaluronidase contents of ocular tissues and fluids have been assayed 


on a capsulated streptococcus. 

No hyaluronidase activity could be demonstrated in homogenates of 
the iris, ciliary body, normal cornea, wounded cornea, or aqueous fluid of 
the rabbit. 


This work was carried out in the ophthalmic laboratory of the Rambam Government Hospital, 
Haifa, under the direction of Dr. I. C. Michaelson. It was supported by a grant from the Arnold 
Reuben Fight for Sight Fund of the National Council to Combat Blindness, Inc., New York. 
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CASE NOTES 
BLINDNESS AFTER SNAKE-BITE* 


BY 
A. GUTTMANN-FRIEDMANN 


Eye Department, Rambam Government Hospital, Haifa, Israel 


Reports of blindness produced by snake-bite are extremely rare. In one 
case described recently by Davenport and Budden (1953) bilateral secondary 
optic atrophy developed; the patient received Antivenine serum on the day 
of the bite and the changes in the eyes first appeared 6 days later. Jaksch 
(1897) mentions cases in which snake-bite led to amaurosis, but gives no 
detailed descriptions or ophthalmoscopic findings. O6cettingen (1952) 
mentions cases of sudden amaurosis and paralysis of the ocular apparatus, 
but gives no details. 


Case Report 


A man aged 40 was admitted to hospital on June 14, 1954, having been bitten in the left 
leg by Vipera Lebetina Gray. He wasina state of severe shock, with nausea, vomiting, 
and a rapid weak pulse. Shortly after the accident a tourniquet had been applied to the 
leg and kept there for 24 hrs with interruptions of 5 minutes every hour. This left leg 
was already slightly swollen. The temperature was 37-6°C. Blood pressure was 60/ 
40 mm. Hg. ; 

The patient received Antivenine serum intra-muscularly and transfusions of 2,000 ml. 
blood and 1,000 ml. physiological saline on the day of admission. Cortisone treatment 
was started at once, but was continued for only 24 hrs. A few hours after admission the 
patient had blood in the faeces and the vomiting increased. Next morning the melaena 
and vomiting ceased, the general condition improved, and the blood pressure rose to 
115/75 mm. Hg. The swelling of the bitten leg increased, and subcutaneous haemorrhages 
and blisters filled with blood-stained serum covered the leg. The bluish discolouration 
of the tissue reached the region of the umbilicus and the back. 

Laboratory Tests.—On the third day after admission the haemoglobin was 12 g./100 ml., 
leucocytes 13,600, staphs 2 per cent., polymorphs 62 per cent., eosinophils 1 per cent., 
lymphocytes 31 per cent., monocytes 4 per cent. 

The total protein was 5-6 g./100 ml., albumin 3-3 g./100 ml., globulin 2-3 g./100 ml. During 
the following days the haemoglobin dropped to 4:5 g./100 ml. The thrombocytes dropped 
from 25,000 on the fifth day to 7,000 on the sixth day; therefore cortisone treatment was 
recommenced, and 24 hours later the thrombocyte count was already normal. The reticulocytes 
increased from 4-6 to 10-0 per cent. during this period. 

Two weeks after admission the haemoglobin had increased to 6:5 g./100 ml. 

A lumbar puncture performed on the 12th day showed no abnormal findings. 

The x-ray examination of the lungs was negative. 

General Progress.—The patient’s general condition improved gradually, the discoloura- 
tion and swelling of the leg receded and the infected blisters healed under antibiotic 
treatment. From the third week onwards, the patient was allowed to get up. 31 days 
after admission he left the ward in good general condition. 


Ophthalmological Findings.—On the sixth day, the patient started to complain of blurred 
vision in both eyes with pain over the globes. Visual acuity in the right eye was finger 





*Received for publication June 13, 1955. 


57 





58 A. GUTTMANN-FRIEDMANN 


movements in front, and perception of light only from the temporal side; in the left eye 
it was finger movements from 1 m., with good perception of light. The pupils were round 
and 5 mm. in size. The right pupil did not react to light, the left pupil showed a slow 
reaction to light which was not maintained. No consensual light reflex was present on 
the left side. The left visual field appeared normal to a rough confrontation test with 
fingers. Both fundi showed blurred disc edges. Papilloedema of 2 D was present in the 
right eye and of 1 D in the left. The retinal veins were dilated and a few peripapillary 
haemorrhages were present. The maculae were free. 

On the seventh day, the oedema of the right disc increased to 3 D and that of.the left 
disc to 2 D. The discs were pinkish in colour and the haemorrhages and exudates were 
more numerous, and now reached the macular regions. The swelling of the discs con- 
tinued to increase until the twelfth day, by which time the visual acuity in the right eye 
had dropped to perception of light on the temporal side, and that of the left eye to count- 
ing fingers at0-5m. The clinical picture was that of bilateral optic neuritis. 


Ocular Condition on Discharge.—Visual acuity in the right eye was perception of light 
on temporal side, and that in the left eye was counting fingers at 1 m. with good perception 
of light. The visual fields could not be taken as the patient was not cooperative and could 
not fix the white spot on the perimeter. The condition of the pupils remained as on 
admission. The oedema of both discs was subsiding, and a secondary optic atrophy was 
beginning to appear in the right eye. The haemorrhages and exudates had mostly 
disappeared and sheathing of the arteries around the disc was present. The left eye 
still showed 2 D swelling. 

4 weeks after discharge the visual acuity in the right eye was as before, but that in the 
left eye had improved from counting fingers at 1 m. to counting fingers at 6m. with only 
extra-macular fixation. The fundus on the right side showed secondary optic atrophy. 
The left fundus showed blurred disc edges with slight swelling. 

5 months after discharge the visual acuity in the right eye was counting fingers at 1-5 m. 
from the temporal side only, while that in the left eye was 5/50 with eccentric fixation. 
The projection was good. The fundus in the right eye showed complete secondary 


optic atrophy, while the left fundus showed a partial secondary optic atrophy. The 
visual field of the right eye could not be taken; that of the left eye showed a restriction in 
the temporal field for about 40°, and in the lower, nasal quadrant a distinct step-up to 
15°. The patient was not sufficiently cooperative to indicate the scotomata which were 
undoubtedly present. 


Discussion 

Changes associated with the vascular system appear to be the outstanding 
feature in the fundal findings. Casper (1955) noted gross changes in the 
glomeruli of the kidneys in fatal cases of snake-bite, consisting of gross 
aneurysmal dilatation of the capillaries, and arteriolar haemorrhages with 
dissolution of the vessel wall; in the cases he described there was sudden 
deterioration in the condition on or about the sixth day, after a temporary 
improvement in the clinical condition. 

The possible causes of the optic neuritis include the snake venom, allergy to 
the Antivenine serum, and the multiple and extensive haemorrhages. There 
is little or no evidence from the literature to indicate that optic neuritis can 
result directly from the toxic influence of snake venom on the optic nerve, or 
that it can appear as a manifestation ef allergy to the Antivenine serum. 
It is probable that in this case the optic nerve changes resulted from the 
severe haemorrhages present in the leg and body. It is well known that 
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haemorrhages from various parts of the body can result in optic neuritis, 

and that in such cases the optic neuritis usually appears between 3 and 7 days 

after the haemorrhage. 

Terson (1922) gives the following statistics on the time of appearance of 

blindness after haemorrhage: 
During haemorrhage 8-3 
Immediately after ... 6 
Within 12 hours ... 14-2 | 
Within 2 days tek 
3-16 days ... sees See 
Over 16 days Le 7:5 


Total 100 


Summary 


(1) A report is given of a young man who developed bilateral optic neuritis 
6 days after receiving a snake-bite in the leg. 

(2) The vascular changes in the fundi may parallel the vascular changes 
noted in the kidneys by Casper (1955). 

(3) It is suggested that the optic neuritis resulted from the severe haemor- 
thages which were present, and that it did not differ from the optic neuritis 
resulting from haemorrhages caused by factors other than snake-bite. 


I wish to express my gratitude to Prof. I. C. Michaelson for his help in the preparation of this 
report, and to Dr. Askireli, in charge of the medical ward, who provided information. 
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APPLIANCES 


OPHTHALMIC NEEDLE HOLDER* 


BY 


JOHN FOSTER 
Leeds 


A MODIFICATION of Gillies’s plastic needle holder for ophthalmic use was described 
by the author 17 years ago (Foster, 1938). This consisted in a reduction in size 
of the handle and scissors-shank of Gillies’s instrument, and the replacement of the 
curved jaws intended to hold needles for intradermal suturing by the jaws of a 
Quarry Silcock needle holder of average size. The instrument had all the great 
advantages of Gillies’s instrument for the forceps tie-knot, though the scissor 
blades could only be used when cutting sutures in the lids on the temporal side of 
the eye, owing to limitations of space. 

With the development of corneo-corneal suturing in cataract extraction, and the 
corneal grafting made possible by the Bindehautnadel nach Professor Vogt 
(usually known in England by the Grieshaber catalogue designations 81/7 and 
81/10) and the fi/ de suture cornéenne de Marcel Kalt (usually referred to here 
as Kalt’s silk, though it is in fact Sea Island cotton), it became obvious that the 
jaws were too big to control these tiny round needles and that the serrations on 
the jaws at times failed to maintain a grip on the fine threads when seized parallel 
to them. To correct this, the jaws have now been reduced to a little below the 
size of the smallest Quarry Silcock needle holder obtainable as a pattern (about 
half the size of the 1938 model), and the rest of the instrument has been diminished 
in proportion. The length is now 44”, whereas the design of 1938 was 5” long 


(Figure). 
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It was subsequently found necessary to reduce the angle 
made by the thumb-ring with the shank of the forceps. Two 
models have been produced, one with scissors (B) and one (A) 
without. The latter has the slight advantage that the loop of 
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thread in the forceps tie slides over it a little more easily than with the other. The 
increased control of the small needle, and the shortened distance between the 
fingers and the jaws make corneal suturing much easier, and the flattened jaws 
never fail to grasp the finest thread, thus improving the instrument for cataract 
extraction and keratoplasty, while retaining its advantages for other ophthalmic 
operations. 
REFERENCE 
Foster, J. (1938). British Journal of Ophthalmology, 15, 430. 
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SHADE ATTACHED TO SPECTACLE FRAME TO 
PROTECT FROM GLARE IN EARLY 
OR PREMATURE CATARACT* 


BY 


H. NEAME 
London 


THE eye-shade is attached to the spectacle-frame for patients with early or 
immature cataract. It is well known that such patients often see much more 
clearly in sunlight and in artificial light if the eyes are shaded from glare by 
holding a hand against the forehead immediately above the eyes. The 
eye-shade (Figure) must be made for the individual so as to fit accurately 
the curve of the forehead. 


The shade may be used with distance, bifocal, or reading glasses, and has 
been of some benefit even when the visual acuity was as good as 6/12. 
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BOOK REVIEW 


Ophthalmology. By P. D. Trevor-Roper. 1955. Lloyd-Luke, London. Pp. 656, 


450 illus. (75s.). 


The purpose of this volume is to present within a reasonable compass the textual 
requirements of diploma students. If one regretfully accepts the fact that at this stage 


of their career many students will confine their reading to the bare minimum that will 
enable them to pass their examination, this book goes far to meet their need. The 
essentials of anatomy, embryology, physiology, optics, and refraction are given in the 
first three sections of the book, while the other two sections, comprising rather more 
than half the volume, deal with diseases of the outer and inner eye. Of the content of 
the first three sections, the chief criticism is that the mathematical exposition of the 
basic principles of reflection and refraction, especially in so far as compound Jens 
systems are concerned, is too condensed and therefore not sufficiently clear for the 
student whose memory does not go back to the days when he studied physics, The 
last two sections suffer inevitably from the evils of compression, particularly evident in 
the last chapter on diseases of the visual pathways. On the whole the eclecticism of 
presentation is good but the space, albeit small, devoted to the description of such 
rarities as Salzmann’s corneal dystrophy and the Fanconi syndrome might have been 
used to better purpose. 

In the introduction the author states that he has tried to adhere to the current 
teaching and practice at Moorfields and its Institute, and pleads that, wherein he has 
erred from this, large rivers like the Nile have many mouths which cannot be in unison 
all the time. It may be hoped that the mouth through which flow the turbid waters of 
inattention to detail is usually silted up and mute. There are mistakes in the illustra- 
tions on pages 112, 188, and 239. The sebaceous glands related to the hair follicles 
are named eponymously after Zeis. The student will find a loupe of the power given 
(6-0 D) of questionable value. There is a marked discrepancy between the textual 
description of Snellen’s sutures and the illustrations depicting them on the opposite page. 
Typhoid-antityphoid bacilli are not familiar as a means of inducing pyreto-therapy, 
while even if correctly designated a standard initial intravenous dosage of 25M may 
appear over-generous in view of reported fatalities with Jess than this amount, The 
ultimate visual prognosis in angioid streaks is considerably less happy than is suggested 
in the text, and if it is really necessary to drag in the elastic men of the circus, surely in 
the interests of accuracy it is preferable to describe them as capitalizing not this 
affliction but the correct one, the Ehlers-Danlos syndrome. 

In general, the selection of the illustrations is excellent, while their reproduction and 
the format of the book are up to the very high standards associated with its publishers. 
Criticism of a book written with serious intent must always be a matter of regret. It 
may be hoped that the defects of this one are but teething troubles to be corrected in 
subsequent editions. With the pruning of certain extravagances in style, a better 
balance could be achieved in the clinical section by the provision of more space, without 
enlarging the book, and without omitting anything essential already contained therein. 
It would then be of greater value to the examination-ridden student. The serious 
student would profit too if the semi-facetious irrelevancies scattered throughout the 


book were omitted. 





NOTES 


FACULTY OF OPHTHALMOLOGISTS 
Study Tour to Spain, 1955 


Tue tour, led by Mr. H. Campbell Orr, started at Barcelona with a visit to the Arruga 
Clinic which has recently been enlarged to include extra waiting and consulting rooms, 
it was not possible for everyone to be in the same place at any one time, but most of us 
were able to see Count Arruga do a number of operations on cataract, pterygium, 
Jacrimal obstruction, and retinal detachment. Particularly impressive were the skill and 
speed with which the retinal detachments were operated upon, the operation time being 
only about 10 to 15 minutes. Air injection into the vitreous was used as routine. 
Members of the party were presented with a number of Arruga’s recent publications in 
English, and were entertained by Count Arruga and his son at the monastery at 
Montserrat. 

Half the group visited the Barraquer Clinic and attended a ward round including the 
examination of patients for operation, and the following day watched Prof. Barraquer’s 
operating session. The other half saw Dr. Barraquer Moner’s afternoon session which 
began at 4 p.m. and finished after 9 p.m.; this included a bilateral intracapsular extraction 
on a diabetic patient, removal being rapidly performed by the erisophake. Rather more 
than half the corneal circumference was sectioned; five corneoscleral sutures were used, 
three of which were subconjunctiva) and left permanently in place. The sutures, which 
were of very fine silk, were stained by methylene blue for convenience during the operation, 
but post-operatively the colouration disappeared and the sutures became invisible. The 
operation was completed by an air injection into the anterior chamber. A lamellar 
keratoplasty for keratoconus was carried out by two trephinings, one of 6 mm. and the 
other of 8 mm. diameter, centred by direct vision only. The 6 mm. central portion was 
dissected first, so that if aqueous were lost the operation could be converted to a 6 mm. 
penetrating graft. In this case no penetration occurred and the lamellae were removed 
to the 8 mm. diameter, the graft being held by twelve direct sutures. Aqueous puncture 
was used to obtain corneal flattening and good apposition of the wound. The whole 
operation was performed using a binocular operating microscope giving a field only just 
wider than the whole cornea. A penetrating graft of 6 mm. was then performed, using 
eight direct sutures and an air injection through the lips of the wound with a fine needle. 
The first dressings on grafts were carried out in the theatre under hibernation on the 
seventh day. After painting the eye clean with a camel hair brush to remove all mucus, 
loose or untied sutures were removed, sometimes by using a small piece of razor blade 
firmly held in the needle holder. There was musical accompaniment throughout the 
Operating session as is customary in this clinic. 

At the Polyclinic we saw three cases in which a Strampelli lens had been inserted into 
the anterior chamber, the oldest having been retained for 12 months. Barraquer ad- 
vocates bilateral extraction for high myopia which is prevalent in this part of Spain. 

After a week in Barcelona we flew to Madrid, and although we arrived late in the evening 
we found all our ophthalmological colleagues waiting to greet us. Each morning except 
Sunday and Wednesday was taken up with operating sessions, the lists consisting mainly 
of cataract extractions. Some members of the party were able to see Prof. Marin Amat 
demonstrate his technique of dacryocystorhinostomy. 

We next visited Valladolid where we were met by Dr. and Sefiora Lorenze. We were 
shown the University Ophthalmic Department, which it is hoped to develop more fully 
during the next few years, and a new state hospital of modern construction and contem- 
porary design which is not yet fully opened. Two of us were able to watch Dr. Lorenze 
doing a dacryocystorhinostomy, using a drill with specially designed heads to avoid 
damage to nasal mucosa. Gelatin sponge effectively controlled bleeding. We were all 
Interested to see Dr. Lorenze’s work on the corneal nerves in dystrophic. states. 
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In Santander we were entertained by Prof. Diaz Caneja. 
We were shown round the hospital and nurses’ training school at Valdecilla, and saw 
the professor’s method of examination of the fundi in red light to decrease the vascular 


markings and show up pigment. 
On our return by way of Paris, we were met by Dr. Miller and shown over his new 


clinic at Montfermeil, where a full operating session had been arranged. 


OPHTHALMOLOGICAL SOCIETY OF EGYPT 
Annual Meeting, 1956. 
THE annual meeting will take place at the Memorial Ophthalmic Laboratory, Giza, on 


March 16 and 17, 1956. A symposium will be held on corneal grafting. All medical 


practitioners, oculists or otherwise, are cordially invited to attend. 


HONOURS 


Mr. K. C. Wysar received the degree of Ch.M. (with high commendation) at Glasgow 
University on July 9, 1955. 


OBITUARY 


HAROLD PACE GIBB 


HAROLD PACE GissB, M.B., B.Ch. Camb., F.R.C.S. Eng., died at the age of 77, on 
November 21, 1955. Educated at St. Paul’s School and Sydney Sussex College, 
Cambridge, where he was a science exhibitioner, he entered St. Bartholomew’s Hospital 
after gaining a first class science tripos. He qualified M.R.C.S. in 1904 and became a 
fellow in 1906. He was house surgeon to D’Arcy Power and later house physician at the 
Brompton and Queen Square Hospitals. At the latter he developed a keen interest in 
neurology which persisted throughout his life. He was fortunate in becoming clinical 
assistant to Sir John Parsons at Moorfields, and early in 1914 was appointed to the staffs 
of the West London and Central London Ophthalmic Hospitals. When war broke out 
he tried to enlist, but being rejected because of his profession joined the R.A.M.C. and 
served throughout the war as an ophthalmologist in Mesopotamia and in France. He 
retired from the West London Hospital in 1937 and was due to retire from the Central 
London Hospital in 1939, but because of staff shortage he came up from Gerrard’s Cross 
and attended practically every out-patient session during the war, and carried on until 
1947, 

As a diagnostician, Harold Gibb was unique. Having the gift of a marvellous memory, 
he carried in his mind an index of ophthalmic literature extending over many years, to 
which he could refer when consulted on an abstruse case, His kindly understanding and 
gentieness with patients, particularly hospital patients, endeared him to all who knew him 
or benefited from his ministrations. He was a very genuine person who hated any kind 
of sham, medical, social, or religious. Being very forthright, he could not conceal 
disapproval, which he expressed in no uncertain terms when occasion demanded. 

He played cricket for St. Paul’s during his last two years at the school, and he was an 
outstanding golfer, though, in spite of being in the plus class, he never bothered to get a. 
handicap. Antiques, especially prints, furniture, and pictures, were his delight, and he 
was a great student of history. He could have risen to the top of practically any profession 
he embraced, and was for 30 years an underwriting member of Lloyds, an unusual activity 
for a surgeon. : 

So passes, almost unnoticed, an exceptional man—a truly gentle man—unnoticed 
because of his extreme modesty, one of the old school who was exclusively a clinician. 

J. D. M. CARDELL 
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COMMUNICATIONS 


ANASTOMOSES BETWEEN THE RETINAL AND 
CILIARY ARTERIAL CIRCULATIONS* 


BY 


KENNETH C. WYBAR 
Department of Pathology, Institute of Ophthalmology, University of London 


AIM AND SCOPE OF PRESENT STUDY 


THIs investigation is concerned with an examination of the arteries in and 

_ around the optic nerve with particular reference to the hypothesis that there 

| may be anastomoses between the retinal and ciliary arterial circulations— 

hypothesis which is important in a discussion of the pathological events 

hich may follow occlusion of the central retinal artery. All the observations 

have been determined by an examination of casts of the ocular circulation 

repared by the intravascular injection of Neoprene latex according to the 

“method devised by Ashton (1951, 1952). Some of the observations have 
~ been reported in a preliminary communicaiion (Wybar, 1954b). 


PREVIOUS DESCRIPTIONS OF UVEO-RETINAL ARTERIAL ANASTOMOSES 


_ There is no evidence that uveo-retinal vascular anastomoses occur within the 
“normal globe, and, indeed, it is known that Bruch’s membrane, in its healthy 


_ intact state, forms an impenetrable barrier to the passage of blood vessels, so that, 
except in certain pathological conditions when the continuity of Bruch’s membrane 
‘is disturbed (as in a case described by Michaelson, 1951), there are no such 

| anastomoses. This was verified during a recent investigation of the choroidal 

| @irculation, by an examination of Neoprene casts of the ocular vessels (Wybar, 
| 1954a), and no chorio-retinal anastomoses were found even in the region of the 
ra serrata which has been suggested as a possible site of anastomosis from time 

' totime. Attention has been concentrated, therefore, on the region of the optic 

| Merve, particularly near the optic nervehead where the ciliary and retinal vessels 
“pass close to one another as they enter the globe. 

Anastomoses between, first, the arterial circle of Zinn and the central retinal 
artery, and, secondly, the choroidal arteries and the central retinal artery, have 
been postulated in-the region of the optic nervehead by Nettleship (1876), Leber 
(1903), and Coats (1905). Nettleship (1876) considered that the first of these 
anastomoses is purely capillary, but that the second is more direct. On the other 
“hand, Leber (1903) regarded both anastomoses as capillary in type, although it 

appears that he was not too happy about this conclusion because he qualified it by 
_ Saying that the whole matter merited a further and more detailed investigation. 
the diagram with which he illustrated his findings on the ocular circulation, the 
astomosis is shown as a direct one, and it is somewhat unfortunate that this 
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diagram should have been reproduced in so many subsequent papers without due 
regard to Leber’s remarks in the text regarding the nature of the anastomosis. 

Coats (1905) shared Leber’s view that both anastomoses are capillary in nature, 
although he believed that, after occlusion of the central retinal artery, the fine 
capillary anastomoses may dilate sufficiently to become visible ophthalmoscopically 
as fine arterial networks around the optic disc. Coats substantiated his viewpoint 
by the hypothesis that the haemorrhages which he found in the peripapillary part 
of the retina in certain of these cases were due to the rupture of the fine anastomotic 
vessels during the process of dilatation. Gonin (1905) also described similar 
anastomotic channels in cases of central retinal arterial block—vessels which 
emerged from the disc margin and passed into the retina to join the attenuated 
retinal arteries. The retinal arteries lost their thread-like appearance distal to this 
point of union. 

Coats (1913b) showed that, after total occlusion of the central retinal artery, an 
area of light perception may remain around the blind spot, particularly on its 
temporal aspect. It is possible, of course, for the retina immediately adjacent to 
the optic disc to derive a certain amount of nourishment from the normal capillaries 
of the optic nervehead, but Coats considered that the area of sparing was too great 
for such an explanation and postulated that the retention of light perception in 
the peripapillary field was further evidence for the existence of uveo-retinal arterial 
anastomoses. Some years earlier, de Schweinitz and Holloway (1908) had put 
forward a similar hypothesis to explain the retention of light perception around 
the blind spot in cases of occlusion of the central retinal artery. 

It is important to distinguish clearly these uveo-retinal arterial anastomoses from 
the so-called cilio-retinal arteries which have been described by many observers 
(Nettleship, 1877; Randall, 1887; etc). Uveo-retinal arterial anastomoses con- 
stitute a direct link between the ciliary arterial circulation and the main stem of the 
retinal artery, whereas cilio-retinal arteries are small retinal arteries which occur 
in a certain number of normal eyes (23 per cent. according to Lang and Barrett, 
1888) and are derived, not from the retinal circulation, but from the ciliary cir- 
culation through the circle of Zinn. It follows, therefore, that in the event of a 
sudden blockage of the central retinal artery the blood continues to flow in a 
cilio-retinal artery although it ceases to circulate in the main retinal arteries. How- 
ever, a cilio-retinal artery is a true end-artery which supplies only a localized 
segment of the retina, commonly on the temporal aspect of the optic disc, and its 
presence is of no avail in the restoration of the circulation within the main retinal 
arteries. This is in contrast to a uveo-retinal arterial anastomosis which, if present 
on the distal side of the arterial occlusion, provides an alternative pathway for 
the passage of blood into the whole retinal circulation, despite the continuance ot 
the occluding process in the central artery of the retina. 

A further type of anastomosis which must be distinguished from a uveo-retinal 
arterial anastomosis, is the so-called inter-retinal arterial anastomosis which occurs 
as a rare event after occlusion of a single branch of the retinal artery within the 
retina. Coats (1913c) described such a case, in which a collateral artery linked a 
patent retinal arterial branch to the occluded one with consequent restoration of 
circulation in the affected branch distal to the point of union. An inter-retinal 
arterial anastomosis is not relevant, however, to a discussion of the pathological 
events which may follow occlusion of the main stem of the central retinal artery. 
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In addition to the importance of uveo-retinal arterial anastomoses from a patho- 
logical point of view, evidence has been put forward recently by Sautter and Seitz 
(1952) that such anastomoses may also have a physiological significance. In an 
experimental investigation on the rabbit, Sautter and Seitz found, under normal 
conditions, that a vital dye injected intravenously passed along the retinal artery 
to the lamina cribrosa where it was diverted to the arterial circle of Zinn within the 
sclera; but, after the use of a sympatholytic agent, the dye passed along the retinal 
artery into the retina without being diverted to the circle of Zinn. This was re- 
garded as evidence for the existence of an anastomosis between the central retinal 
artery and the-circle of Zinn, at the level of the lamina cribrosa, under vegetative 
control through the mediation of a glomus apparatus at the point of origin of the 
anastomotic channel from the central retinal artery. 

Sautter and Seitz regarded the flow along the anastomotic channel as a uni- 
directional one, so that the blood passes only from the central retinal artery to the 
circle of Zinn and never in the reverse direction. They described the existence of 
two arterial rings within the circle of Zinn: a lower one formed by branches from 
two or three short posterior ciliary arteries, and an upper one connected to the 
lower ring from which it obtains its blood by a process of suction. Both rings are 
connected to the central retinal artery by anastomotic branches. According to 
Sautter and Seitz these anastomotic channels divert blood from the retinal! artery 
to the circle of Zinn and act as a mechanism which protects the retina from an 
excess of blood; the arterial rings, by virtue of their free connexions with the 
choroid and with the arterial plexus of the pia mater surrounding the optic nerve- 
head, are less likely to be embarrassed by an additional volume of blood than the 
tetinal arteries which are functional end-arteries. 

This is an interesting study and it gives the arterial circle of Zinn a hitherto 
unknown physiological significance, but it does not provide any information re- 
garding the exact site and nature of the uveo-retinal anastomotic channels. The 
existence of such channels has been inferred from the results of the experiment 
rather than from anatomical observation. In fact Sautter and Seitz restated the 
original hypothesis of Leber (1903) that the anastomoses are only of capillary 
dimensions, and it is difficult to relate the physiological implications of their 
experimental work to such a poorly-developed anastomosis. Parsons (1906), 
who also agreed with Leber’s findings of a capillary anastomosis, considered that 
this type of anastomosis is of little or no physiological significance. Furthermore, 
itis uncertain to what extent observations on the rabbit may be related to the human 
eye with its obvious structural and physiological differences. 

It is interesting to note that Moffat (1952) described an analogous type of 
glomus apparatus in the dog. In this animal the retinal artery is a branch of a 
ciliary artery and, at its point of origin, Moffat found a sub-endothelial cushion of 
smooth muscle within the circular muscle of the ciliary artery, which he believed 
acts as a regulator of the blood passing into the retina, so that the retinal blood 
flow may be maintained even when the ciliary circulation is diminished. 

There is, therefore, a considerable amount of anatomical, pathological, 
and physiological evidence to suggest that there are uveo-retinal arterial 
anastomoses within the optic nervehead, but there is also some evidence which 
conflicts with such a concept. 

Magitot (1908), Beauvieux and Ristitch (1924), and Behr (1935) failed to demon- 
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strate any anastomosis between the ciliary and retinal arteries, and, furthermore, they 
all considered that such anastomoses are impossible on the grounds that no branches 
arise from the central retinal artery within the optic nerve tissues. At one time 
the view that the central retinal artery continued through the optic nerve without 
giving off any branches was supported by Wolff (1938, 1939), but later Wolff (1948) 
showed, in a histological preparation of the optic nerve that a small branch arose 
from the central artery in the region of the lamina cribrosa. He did not demon- 
strate any anastomosis of this arterial branch with any other artery in the optic 
nervehead, but he considered it to be presumptive evidence of at least a capillary 
anastomosis between the retinal and ciliary circulations. 

Bignell (1952) described branches which emerged from the central retinal artery 
just behind the lamina cribrosa but which came to an end within that part of the 
optic nerve without forming any anastomosis with the other arteries in the optic 
nervehead derived from the arterial circle of Zinn. Branches of the central retinal 
artery in the laminar part of the optic nerve were also shown by Francois and 
Neetens (1954), but the branches were considered to pass directly to the retina 
without taking part in any anastomosis. In this way all the branches of the central 
retinal artery, whether arising within the optic nerve or at the optic nervehead, 
were regarded as strictly terminal arteries to the retina. In a later communication, 
Francois, Neetens, and Collette (1955) found a complete absence of any branches 
from the intraneural part of the central retinal artery. 

Francois and Neetens (1954), however, found another artery—the central 
optic nerve artery—which arose from the ophthalmic artery as a separate branch, 
accompanied the central retinal artery into the optic nerve, and then divided, first, 
into an anterior branch passing forwards to the lamina cribrosa in company with the 
central retinal artery, and, secondly, into a posterior branch passing backwards 
towards the optic foramen in the axial part of the optic nerve. They considered 
that the central optic nerve artery is nutritive to the deeper parts of the optic nerve, 
and that the anterior branch forms an anastomosis with other arterial branches in 
the laminar part of the optic nerve derived from the ciliary circulation. However, 
it is not possible to restore the retinal circulation after occlusion of the central 
retinal artery by means of such an anastomosis, and, therefore, it is not relevant to 
the study of anastomoses between the main retinal and ciliary circulations. 

The central optic nerve artery would appear to be analogous to the collateral 
branch of the central retinal artery described by Beauvieux and Ristitch (1924), 
Behr (1935), and Wolff (1948). These observers found a collateral artery which 
arose from the central retinal artery within the orbit, accompanied the central retinal 
artery into the optic nerve, and then divided into an anterior branch running for- 
wards in the axial part of the optic nerve to the lamina cribrosa, and a posterior 
branch running backwards in the axial part of the optic nerve towards the region 
of the optic foramen. They did not consider, however, that any anastomosis was 
formed between the anterior collateral artery and any arterial branches of the 
ciliary circulation within the optic nervehead, and in this respect differed from 
Francois and Neetens. 

It is apparent, therefore, that there is doubt not only as to the exact situation 
and size of arterial uveo-retinal anastomoses, but even as to their very existence; 
in view of this uncertainty it was decided to investigate the whole arterial pattern 
in and around the optic nervehead. 
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PRESENT INVESTIGATION 


Material.—Seventeen human eyes, which were free, as far as could be ascer- 
tained, from any local ocular disease or from any gross change of a systemic 
nature, were removed at post mortem together with their associated orbital 
structures through an intracranial approach. 


Technique.—After thorough irrigation of the ocular vessels with water by way of 
the ophthalmic artery and their injection with Neoprene, according to the method 
of Ashton (1952), the eyes in their fresh state were immersed in a saturated solution 
of pepsin in N/10 hydrochloric acid for 7 to 14 days at 37°C., and then in a 
saturated solution of trypsin in 1 per cent. sodium bicarbonate at the same 
temperature. 


To accelerate the process of digestion, most of the extra-ocular tissues were 
removed at the completion of the Neoprene injection, great care being taken to 
prevent any disturbance of the vessels in and around the optic nerve. Neoprene 
is not susceptible to the action of digestive ferments, so that a complete cast of the 
ocular vessels may be obtained, but it was found to be advantageous to stop the 
digestive process before it was quite complete, otherwise, through the loss of all 
supporting tissues, it was extremely difficult to identify the various vessel groups 
within the tangled network of Neoprene-injected vessels. 


Each partially digested cast was placed in a large petri dish which contained a 
thin layer of black paraffin wax, and enough water was poured onto the wax to 
cover the cast completely. The vessel groups were then identified and, where neces- 
sary, pinned in position to the paraffin wax. (Fine glass pins were used in prefer- 
ence to steel ones, because the latter caused contamination of the casts with rust 
particles after a few days under water.) The remnants of the ocular tissues were 
carefully removed to complete the exposure of the Neoprene cast. It was found 
that the optic nerve offered most resistance to the action of the digestive ferments, 
and, even in well-digested specimens, it was necessary to remove some of the nerve 
tissue by dissection. This was not a difficult procedure, because the nerve became 
friable and fragments were removed piece by piece without disturbing the Neoprene- 
injected vessels in and around it. 

The Neoprene cast was then subjected to a detailed dissection under water using 
two pairs of fine watchmakers’ forceps and a pair of fine spring scissors. The 
dissection was viewed through a wide-field stereoscopic microscope with direct 
illumination from one or two high-power low-voltage filament lamps, and, in 
order to expose the fine vessels within the optic nervehead, it was necessary, after 
removal of many of the surrounding vessels, to complete the dissection under 
fairly high magnification. 


Findings.—Examination of the Neoprene casts of the ocular vessels of the 
seventeen eyes revealed many details regarding the nature of uveo-retinal 
arterial anastomoses. It is important to remember, however, that the find- 
ings are the result of the pooled data obtained from an examination of all the 
eyes, and that no attempt is made to state how often certain features occurred 
throughout the series. A complete cast of the ocular circulation presents a 
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dense mass of vessels (Fig. 1), particularly in the region of the optic nerve- 
head (Fig. 2) wherein lay the main objective of this study, and it is apparent 
that in order to expose a particular area many vessels in the surrounding 
fields had to be discarded. Each cast was approached, therefore, in a special 
way to demonstrate a definite aspect of the circulation, and as a result certain 
other features of interest had to be sacrificed. 


Fic. 1.—Neoprene cast of ocular vessels 


viewed from in front to show retinal 
vessels (R) lying within uveal vessels (U). 


Note major arterial circle of iris (M). 
(Digested specimen). x8. 


Fic. 2.—Neoprene cast of ocular vessels 
viewed from behind to show vessels in 
neighbourhood of optic nerve (O.N.). 
Note density of ciliary arteries (C.A.) 
particularly around the optic nervehead 
(O.N.H.). 

(Digested specimen). xX 8. 


The following features were determined in an examination of the dis- 


sected Neoprene casts: 
(a) Central Retinal Artery—The central retinal artery arises as one of the first 
branches of the ophthalmic artery in the orbit either alone or in common with one 
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Fic. 3.—Neoprene cast of ocular vessels to show: 


@) Branches from central retinal artery, before 
entry into optic nerve, to arterial plexus of 
pia mater. 

(ii) Narrowing of central retinal artery at entry 

CIRCLE OF ZINN into optic nerve. 

(iii) Collateral central retinal artery. 

(iv) Anastomosis between intraneural part of 
central retinal artery and arterial plexus of 
pia mater. f 

(v) Anastomoses between central retinal artery 
and circle of Zinn at lamina cribrosa. 

(vi) Anastomosis between circle of Zinn and 

arterial plexus of pia mater. 

(vii) Branches from posterior ciliary arteries to 
circle of Zinn and to arterial plexus of pia 
mater. 

(Digested and dissected specimen). x6 
and x15. 














of the two long posterior ciliary arteries. It runs below the optic nerve until it 
Teaches about 15 mm. from the globe where it turns upwards at 90° to penetrate 
the optic nerve. In many casts there is a marked reduction in the calibre of the 
central retinal artery at the point where it enters the optic nerve (Figs 3, 4, 8). 
Itis not felt, however, that any definite conclusion can be drawn from this regarding 
the calibre of the artery in life, because it is possible that this variation may merely 
result from the injection technique. Neoprene is injected into the ophthalmic 
artery under pressure, and it is natural that the central retinal artery should expand 
more where it is unsupported (as in the orbit) than where it lies within a dense 
Mass of tissue (as in the optic nerve). After its entry into the nerve the artery 
passes to the centre of the nerve, where it turns forwards at 90° to travel along the 
axial part of the nerve to the optic disc where it divides into its definitive retinal 


branches. 
The central retinal artery during its intra-orbital and intraneural course gives 


the following branches: 
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Fic.4.—Neoprenecast of ocular vessels toshow 
(i) Branches from central retinal artery, before 
entry into optic nerve, to arterial plexus of 
pia mater. 
(ii) Narrowing of central retinal artery at entry into optic nerve. 


(iii) Anterior and posterior collateral central retinal arteries. : g 
(iv) Branches from central retinal artery at lamina cribrosa, showing capillary 


anastomosis with short posterior ciliary artery. 

(v) Branches from central retinal vein at lamina cribrosa showing capillary anas- 
tomosis with central retinal artery. 
(Digested and dissected specimen). x9. 
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Fic. 5.—Neoprene cast of ocular vessels to show: 


(i) Branches from central retinal artery, before entry into optic nerve, to arterial 
plexus of pia mater. 


(ii) Anterior and posterior collateral central retinal arteries. 
(iii) Branches from intraneural part of central retinal artery. 
(Digested and dissected specimen). xX 6. 


(i) Branches which arise from the central retinal artery at any point between the 
origin of the artery from the ophthalmic artery and the entry of the artery into the 


optic nerve, and which contribute to the arterial plexus of the pia mater which 
surrounds the optic nerve within the orbit (Figs 3, 4, 5, 6, 8, 9). 


(ii) Branches which arise from the central retinal artery at the point where the 
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Fic. 6.—Neoprene cast of ocular vessels to show: 


(i) Branches from central retinal artery, before entry into optic nerve, to arterial 
plexus of pia mater. 
(ii) Anastomoses between intraneural part of central retinal artery and arterial 
plexus of pia mater. 
(iii) Branch from posterior ciliary artery to arterial plexus of pia mater. 


(Digested and dissected specimen). x 6. 
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Fic. 7.—Neoprene cast of ocular vessels to show: 


(i) Anterior and posterior collateral central retinal arteries. 
(ii) Branches from intraneural part of central retinal artery. 


(Digested. and dissected specimen). xX 6. 


artery pierces the optic nerve to pass to its centre (Figs 3, 4, 5, 7). There are two 
such branches and they may arise separately or by a common trunk. One of the 
arteries passes forwards, and the other passes backwards in the axial part of the optic 
nerve,. thus forming the anterior and posterior collateral central retinal arteries, 
although in the casts examined these branches were not traced along the whole 
length of their described course. 

(iii) Branches which arise from the central retinal artery during its course within the 
optic nerve. Some of these appear to terminate within the tissues of the optic nerve 
(Figs 5 and 8), but others form anastomoses with branches from the arterial plexus of 
the pia mater (Figs 3, 6, 8, 9). Many branches are given off in the region of the 
lamina cribrosa and, although some of them end within the tissues of the optic nerve- 
head, other laminar branches form anastomoses with the laminar branches from the 
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Fic. 8.—Neoprene cast of ocular vessels 
to show: 


(i) Branches from central retinal artery, tefore 
entry into optic nerve, to arterial plexus of 
pia mater. 

(ii) Narrowing of central retinal artery at entry 
into optic nerve. 

(iii) Anastomoses between intraneural part of 
central retinal artery and arterial plexus of 
pia mater. 

(iv) Anastomoses between central retinal artery 
and circle of Zinn at lamina cribrosa. 

(v) Branches from intraneural part of central 
retinal artery. 

(vi) Anastomosjs between circle of Zinn and 
arterial plexus of pia mater. 

(vii) Branches from posterior ciliary arteries to 
circle of Zinn and to arterial plexus of pia 
mater. 

(viii) Central retinal vein. 
(Digested and dissected specimen). 6-5 
and x11. 




















ciliary arteries (Figs 3, 4, 8, 9). These latter branches are derived to a large extent 
from the intrascleral arterial circle of Zinn, so that the anastomosis is primarily with 
the circle of Zinn (Figs 3 and 8). 

(b) Arterial Plexus of Pia Mater of Optic Nerve.—The arterial plexus of the pia 
mater, which forms a dense network of vessels saccohrrnatie. the optic nerve, is 
made up from the following three sources: 

(i) The short posterior ciliary arteries, which send many branches to the pial plexus 
(Figs 3, 6, 8, 9). 
(ii) The central retinal artery, which sends branches to the plexus before the entry 
of the artery into the optic nerve (Figs 3, 4, 5, 6, 8, 9). 
(iii) The circle of Zinn which sends branches backwards to the plexus (Figs 3 and 8). 

From the arterial plexus in the pia mater many branches pass into the optic 
nerve; some of these terminate within the nerve tissue but others anastomose with 
branches from the central retinal artery (Figs 3, 6, 8, 9). 


(c) Arterial Circle of Zinn.—This lies within the sclera surrounding the optic 
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Fic. 9.—Neoprene cast of ocular vessels to show: 


(i) Branches from central retinal artery, before 
entry into optic nerve, to arterial plexus of 
pia mater. 

(ii) Anastomoses between intraneural part of 
central retinal artery and arterial plexus of 
pia mater. 

(iii) Anastomoses between central retinal artery 
and short posterior ciliary arteries at lamina 
cribrosa. 

(iv) Branches from posterior ciliary arteries 
to arterial plexus of pia mater. 

(Digested and dissected specimen). x 6 
and x 15. 


nervehead and is made up of branches 








derived from the short posterior ciliary 
arteries during their passage through the 
sclera. These branches unite to form a 
continuous intrascleral arterial ring, from 
which the following branches are given off: 


(i) Branches which pass into the optic 
nervehead in the region of the lamina 
cribrosa, some of which form anastomoses 
with the laminar branches of the central 
retinal artery (Figs 3 and 8). 

(ii) Branches which pass backwards to 
contribute to the formation of the arterial 
plexus of the pia mater (Figs 3 and 8). 

(iii) Branches which pass forwards into 
the peripapillary part of the choroid. 
These have been described in an earlier 
paper on certain aspects of the choroidal 
circulation (Wybar, 1954a). 

(iv) An occasional branch passing 
directly into the retina, and forming a so- 
called cilio-retinal artery (Fig. 10), which 
thus constitutes a retinal artery derived 
from the ciliary circulation. A cilio- 
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Fic. 10.—Neoprene cast of ocular vessels to show cilio-retinal artery. 
(Digested and dissected specimen). x 12 


retinal artery is, however, an end-artery like the true retinal arteries, and it supplies 
only a localized segment of the retina. 


DISCUSSION 

In a general assessment of the findings of an investigation of this type in- 
volving an injection method, it is important to recognize the inherent diffi- 
culties of the technique, particularly when, as in the present study, the channels 
to be examined are narrow and lie in a dense connective tissue framework 
between two main vascular systems. 

In the first place, the results are influenced by the efficiency of the injection 
of Neoprene, and this is dependent not only on the introduction of Neo- 
prene into the circulation in an adequate amount and at a sufficiently high 
pressure to ensure that even the smallest vessels are filled, but also on the 
efficiency of the preliminary irrigation of the vessels with water. In this 
connexion it is interesting to note that Beauvieux and Ristitch (1924), who 
denied the existence of any branches from the central retinal artery within the 
optic nerve, used a technique which involved the injection of only 2 ml. 
prussian blue into the central retinal artery without any preliminary irrigation 
(at least no mention is made in their paper of any preliminary irrigation). 
It is questionable whether such a technique is sufficiently energetic to reveal 
the presence of fine inter-vascular connecting links, and it may account for 
their negative findings. 

In the second place, the results are influenced by the ease with which the 
injected vessels may be exposed to direct view. In the Neoprene casts of the 
whole ocular circulation there is a vast network of injected vessels, and it is 
possible to isolate the anastomotic vessels in the optic nervehead only after a 
prolonged series of dissections involving the removal of many surrounding 
vessels. The absence of an anastomotic channel in any one specimen may 
represent, therefore, a failure in technical skill. 
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It is felt, therefore, that, because of the technical difficulties outlined above, 
it is not possible to submit the results of this investigation to a statistical 
analysis or to give any clear indication of how frequently uveo-retinal arterial 
anastomoses occur in the healthy eye. 


It is a common finding that some time after occlusion of the central retinal 
artery there is at least a partial restoration of the retinal circulation (Coats, 
1905; de Schweinitz and Holloway, 1908; etc.). Coats (1913b) reported 
a series of six such cases in all of which a complete re-establishment of the 
retinal circulation took place. There are several possible interpretations of 
this phenomenon: 


(1) The vascular occlusion may be due solely to a spasm of the central retinal 
artery, so that when the spasm passes off the circulation is restored in the retina. 
This is the most likely explanation for those cases in which there are transient 
periods of loss of vision associated with constriction of the retinal arterial 
circulation. : 


(2) The vascular occlusion may be due to the lodgement of an embolus within 
the central retinal artery, and the circulation may be restored at least in part, when 
the embolus is moved away from the central artery into one of its more peripheral 
branches, or when the blood is able to pass round the embolus into the peripheral 
circulation. When an embolus becomes lodged in the central retinal artery there 
is a spasm of the surrounding arterial wall. The shifting of the embolus to another 
part of the circulation or the ability of the blood to bypass the embolus presumably 
results from a decrease in the spasm of the vessel wall. 


(3) The vascular occlusion may be due to a thrombosis within the central retinal 
artery, and the circulation may be restored by canalization of the thrombus. Coats 
(1905) has suggested also that in certain cases of thrombosis where there is a more 
rapid re-establishment of some retinal circulation, blood may be forced round a 
weak area of the thrombus, after a rise in the systemic blood pressure. 


Certain cases showing restoration of ihe retinal circulation do not, how- 
ever, fit in easily with any of the three mechanisms outlined above; in these 
the occlusion is too prolonged for pure spasm of the vessel wall, there is no 
evidence of any embolic focus, or there is histological proof of the perman- 
ence of the thrombosis without any attempt at canalization (Coats, 1923a). 
The most likely mechanism in such cases is the re-establishment of the 
citculation in the retina through uveo-retinal arterial anastomoses in the 
optic nervehead. 

The establishment of a collateral circulation was suggested by Lawson 
(1898), and also by Coats (1905) who emphasized the capillary nature of the 
anastomotic channels so that, although the circulation is restored in the 
tetina, the retina: arteries do not return to their original calibre but remain 
Narrow as an adaptation to a diminished blood flow. Even Beauvieux and 
Ristitch (1924), who denied the existence of a collateral circulation between 
the retinal and uveal arteries, considered that the opening up of the retinal 
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circulation after occlusion of the central artery must be due, in certain cases, 
to the existence of some pre-formed channel. This would appear to be a 
contradiction of their main conclusion. 

It has been shown in this present investigation that without doubt uveo- 
retinal arterial anastomoses exist in a certain number of normal eyes, al- 
though, for the reasons outlined at the beginning of this discussion, it is 
difficult to assess the frequency of such anastomoses. On the other hand, in 
spite of the existence of these collateral channels and in spite of the other 
mechanisms by which an arterial block may be overcome, the visual prog- 
nosis after occlusion of the central retinal artery is extremely poor. 

Coats (1905) has suggested that in such cases the block must have oc- 
curred so far forward that it lay on the distal side of the collateral circulation, 
but this is not a likely explanation because there are collateral channels be- 
tween the central retinal artery and the circle of Zinn quite far forward in the 
optic nervehead, and because the commonest site for the occluding process 
in the central retinal artery is in the retro-laminar region (Verhoeff, 1908). 
Behr (1935) stated that, from the standpoint of the restoration of the retinal 
circulation, it does not matter where the blockage occurs within the artery, 
but no emphasis can be placed on this conclusion because it was based on a 
denial of the existence of any uveo-retinal arterial anastomoses within the 
optic nerve. It is probably more reasonable to assume that the poor visual 
prognosis in blockage of the central retinal artery is related to the rapid 
degeneration of the inner retinal layers which follows any disturbance of the 
retinal circulation, so that the ganglion cells of the retina have suffered 
permanent damage before the function of the retinal arteries is restored to 
an adequate level. Some cases have been reported in which there was a 
gradual improvement of vision over a period of several days; for example, 
de Schweinitz and Holloway (1908) gave details of a case in which vision was 
reduced to a vague perception of light after the occlusion, with a restoration 
to 6/60 within 40 minutes, and a further gradual improvement to 6/9 within 
4 days. It is not clear, however, whether this represents a gradual re-opening 
of the retinal circulation with a similarly gradual restoration of retinal 
function, or whether the initial recovery from perception of light to 6/60 
represents a re-establishment of retinal circulation, and the subsequent 
improvement in vision represents a subjective adaptation to the presence of 
some paracentral visual disturbance, probably in association with a sub- 
sidence of oedema of the central retina. The presence of a paracentral 
scotoma, although perhaps minimal in size, is indicated by the failure of the 
vision to reach an absolutely normal level. If this is the correct interpreta- 
tion of the case, then it is an indication of how rapidly damage can occur to 
the integrity of the retina even when there is a fairly quick restoration of the 
circulation. 

It is difficult, therefore, to arrive at a definite conclusion regarding the 
frequency and nature of uveo-retinal arterial anastomoses in the optic nerve- 
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head from a study of the events which follow occlusion of the central retinal 
artery, and the poor visual prognosis may reflect the rapidity of retinal 
degeneration rather than the poverty of such anastomoses. Of course, some 
of the cases in which vision is fully and rapidly restored after occlusion of 
the artery, and which are generally attributed purely to arterial spasm, may, 
in fact, be cases of true blockage, in which there is a well-marked collateral 
circulation capable of maintaining an adequate level of retinal nutrition 
within a short time of the occlusion of the main trunk. 


In any case, the known existence of uveo-retinal arterial anastomotic 
channels in even a few eyes warrants the use of any measure which will 
promote vaso-dilatation and thus facilitate the opening up of a collateral 
circulation. These include such procedures as the retrobulbar injection of 
acetylcholine, and the sudden lowering of the intra-ocular pressure by 
paracentesis of the anterior chamber. 


It is interesting to speculate on what might happen to the vision in cases of 
central retinal artery occlusion if they were maintained for a short time in an 
atmosphere rich in oxygen. It has been shown by Ashton, Ward, and Serpell 
(1954) that in new-born kittens subjected to high oxygen levels the integrity 
of the retinal function is unimpaired despite the disappearance of the retinal 
vessels. If in cases of occlusion of the central retinal artery the function of 
_ the retina could be maintained by supplemental oxygen until the retinal 
circulation became restored by the opening up of collateral channels, it might 
greatly alter the prognosis, provided, of course, that the oxygen therapy was 
initiated soon enough before the onset of irreparable retinal damage. 


It is known that an increase in the concentration of oxygen within the 
alveolar air gives rise to an increase in the normal arterial oxygen tension 
(A.M.A., “Fundamentals of Anaesthesia ’’, 1954), and that as a result there is 
a slight rise in the oxygen tension within the tissues (Campbell, 1927). 
Furthermore, it has been shown by Cusick, Benson, and Boothby (1940) that 
the administration of pure oxygen for 30 minutes produces a measurable 
effect on the calibre and colour of the retinal vessels. 


It is not known, however, to what extent this supplemental oxygen will be 
able to combat the stagnant type of anoxia found within the inner retinal 
layers as a result of the temporary failure of the retinal arterial circulation, 
but at the present time it would appear reasonable to put forward the hypo- 
thesis that there may be a place for oxygen therapy in the treatment of early 
cases of occlusion of the central retinal artery. In this connexion a short 
case note is included below as an appendix. 


Summary 
Neoprene casts of the ocular circulation of seventeen normal human eyes 


were prepared by the injection of Neoprene latex into the ophthalmic artery 
and the digestion of the ocular tissues in pepsin and trypsin. Each cast was 
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dissected to reveal the minute details of the vessels in and around the optic 
nerve. 

Several branches arise from the central retinal artery within the optic nerve 
and they may form two types of uveo-retinal arterial anastomoses. First, 
there are anastomoses between the central retinal artery and the arterial 
plexus of the pia mater surrounding the anterior part of the optic nerve, and, 
secondly, anastomoses between the central retinal artery and the intrascleral 
circle of Zinn. These anastomoses are important in a consideration of the 
pathological events which may follow occlusion of the central retinal artery, 
and in the consideration of the treatment of such cases. It is suggested that 
the prompt administration of oxygen may enable some of the retinal ganglion 
cells to survive the period when the retinal circulation is at an inadequate 
level, before the re-establishment of the circulation by a collateral channel. 


This investigation has been carried out in the Department of Pathology at the Institute of 
Ophthalmology during the tenure of a Moorfields Research Scholarship and I am most grateful to 
Dr. Norman Ashton, Director of the Department, for his encouragement and advice throughout 
the investigation. I am also indebted to Messrs. G. Knight and A. McNeil and to the Medical 
Illustration Department at the Institute of Ophthalmology for their help in the preparation of the 


specimens and photographs. 
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APPENDIX — 
This report concerns the administration of oxygen in a case of occlusion of the central 
retinal artery of the left eye. 


Case Report 


A man aged 70 years developed an occlusion of the central retinal artery of the right eye pads 1952 
“with practically total loss of vision in that eye. At the present time there is only a vague a 
ness of light within a narrow zone in the temporal periphery of the right visual field. The right right 
optic disc is pale but, apart from moderate hypertensive changes, there is no attenuation of the 
retinal arteries. 

Until March 11, 1955, the vision of the left-eye had been good, but suddenly at 8 a.m. on that 
day his sight became cloudy and within a few minutes he could only distinguish vague outlines 
of objects. He was examined at the Middlesex Hospital at 11 a.m. when his vision was limited to 
hand movements. The retinal arteries of the left eye were markedly attenuated and there was 
ee ost — of the central part of the fundus. An occlusion of the central retinal artery was 

gnosed 
Therapy. —Shortly after mid-day the patient was placed in an oxygen tent where an atmosphere 
of 70 per cent. oxygen concentration was obtained with a flow of 7 litres of oxygen per min. This 
was maintained for the following 72 hrs. He was also given 50 mg. nicotinic acid four times daily. 


Result.—On removal from the oxygen tent he was able to count fingers easily, and, a few days 
later, when it was possible to record his vision more accurately, he could read 6/60 corrected to 
6/24(— 1). His reading vision with a presbyopic addition was N 24, but within a few days this 
improved to N 6 although only with great difficulty. Since then his distant vision has fluctuated 
between 6/24 and 6/18, arid his reading vision between N 24 and N 6. The visual field has re- 
mained fairly constant with a peripheral limit of about 30° as recorded on the perimeter with a 
3-mm. white test object, and there are also vague areas of relative loss in the paracentral area. 

Conclusion.—There is no doubt that the ganglion cells of the retina of the left eye have suffered 
a considerable degree of permanent damage with complete involvement of parts of the peripheral 
tetina and scattered involvement of the central retina. It is the implication of the central retina 
which accounts for the variability of the vision, and for the great difficulty which is experienced on 
attempting to read small print. On the other hand, when account is taken of the poor vision 
which usually follows occlusion of the central retinal artery and of the practically total loss of sight 
in the right eye after a similar central retinal arterial occlusion, the visual result must be regarded 


as satisfactory. 
There is, of course, no direct evidence that the administration of oxygen affected the result in 


any way, and it is quite possible to regard the improvement in vision solely as a spontaneous 
occurrence. In view, however, of the hypothesis which has been put forward in the preceding 


paper it is hoped that oxygen therapy will be tried in similar early cases. 


My thanks are due to Mr. D. Ainslie who kindly admitted the patient to the Middlesex Hospital 
for this clinical trial. 
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CORNEAL DYSTROPHY ASSOCIATED WITH 
CONGENITAL ICHTHYOSIS AND ALLERGIC 
MANIFESTATIONS IN MALE MEMBERS OF 
A FAMILY* 
BY 
L. HR. SAVIN 
London 


In the complete form of this familial syndrome males suffer from corneal 
dystrophy, congenital ichthyosis (ichthyosis simplex), and allergic mani- 
festations such as asthma and hay fever. The complete syndrome was noted 
in two patients. Other male members had corneal dystrophy and allergy, 
corneal dystrophy and ichthyosis, ichthyosis alone, ichthyosis and allergy, 
or asthma (Fig. 1). Except for two debatable cases, transmission of the 
syndrome occurs through apparently unaffected females. 
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Fic. 1.—Pedigree chart of family group. The anomalous marking of IV. | 


represents the occurrence of a corneal ‘* white ring ”’. 


Corneal Dystrophy.—This manifests itself as small, highly refractile nodules in the 
corneal epithelium, in the superficial layers of the corneal stroma, and in the endo- 


thelium (Fig. 2, opposite). The superficial and endothelial nodules are circular and 
mostly equal in size. In some areas two or more dots are adjacent like a short 
string of crystalline beads. The nodules in the corneal stroma are similar in 
appearance but more variable in size. There is little interference with vision. 
Occasionally these eyes experience sudden attacks of pain when they feel as if 
“full of red-hot sand”. There is severe photophobia and watering, and the 
pain is aggravated shins the lids move across the cornea. One patient (III. 4) 
has trained himself to relieve the pain by drawing the lids away from the globe. 
The lids themselves are swollen and purple at the height of an attack. Attacks 
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CORNEAL DYSTROPHY AND ICHTHYOSIS 


Fic. 2.—Typical slit-lamp appearances of the corneal dystrophy as seen in the 


proband (III. 4). 


usually last 2 to 3 hours, but the period is inconstant, varying from a few minutes 
to an exceptionally severe attack recorded as lasting for 18 hours. Attacks 
commonly occur on opening the eyes in the morning. The story is reminiscent 
of that of a recurrent epithelial erosion of the cornea, but no breach in epithelial 
continuity has been actually observed. Patients know by experience that the 
acute symptoms will pass over, and by the time they have presented themselves 
for consultation the eyes shew a little conjunctival injection and the ordinary 
appearances of the dystrophy. There is photophobia during the later stages 
although epithelial breaches of continuity are not demonstrable. The attacks 
occur with varying degrees of severity but are roughly proportionate to the degree 
of corneal involvement. This varied considerably in four brothers examined 
(Fig. 3; 11. 3,4,5,and 7). The instillation of a drop of lubricant such as paroleine 
at night proved an effective prophylactic measure. 


m5 m7 


Fic. 3.—Variations in extent and distribution of corneal dystrophy noted in Ill. 3, 
JIT. 4, Uf. 5, and IIT. 7. 
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The cornea of one female member (IV. 1) shewed a “ white ring”. Both eyes of 
this patient shewed remnants of pupillary membranes. No other abnormalities 
were noted in other females examined. 


Skin Lesions.—Affected patients suffered from a moderately severe form of 
congenital ichthyosis (ichthyosis simplex). The trunk and limbs were most 
affected by the characteristic scales (Fig. 4, A and B). The skin of the patients’ 
faces was comparatively lightly disfigured. In no case was there any tendency to 
ectropion, or any difficulty in closure of the eyes. The corneae were adequately 
protected from exposure, which played no part in producing the corneal lesions. 


A B 
Fic. 4.—Legs of III. 4, shewing typical appearances of ichthyosis simplex. 


All stated that they had suffered from their skin trouble from early years. One 
had been told that his skin was normal before the age of 2 years. The others 
** had always suffered from ” their ichthyosis. All were able to lead normal lives 
if their scaly skins received regular attention. Life in the services had been a 
little embarrassing as their comrades often feared infection.- Hot weather proved 
beneficial so that one patient (III. 3) was benefited by sunbathing, and another 
(III. 5) found that his skin shewed great improvement when he was stationed at 
Singapore. 

Although many members of the family shewed allergic manifestations of one 
sort and another, this atopy did not seem to affect the skin. There was no history 
of the eczematous exacerbations from which many cases of ichthyosis simplex are 
liable to suffer. 


Allergic Manifestations.—An interesting study was that of the allergic manifesta- 
tions which appeared in several male members of the family. These consisted 
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in individual cases of “ hay fever”, or asthma or both. For instance, one man 
(III. 3) always developed “ hay fever ” when he put on one particular suit of clothes; 
in the past he had had occasional attacks of asthma. A second brother (III. 4) 
suffered from “hay fever”. Case III. 7 always got asthma when the cocker 
spaniel belonging to III. 3 approached; on one occasion when he had a bad attack 
of asthma unexpectedly, he found that the dog had previously been in the house 
without his knowledge. It was interesting to find that III. 5 suffered from ich- 
thyosis and corneal dystrophy but not asthma. However, his son IV. 3 developed 
severe asthma, though he avoided the ichthyosis and the corneal dystrophy. 


Detailed Description of Individual Cases 

All the known members of the family are identified by the serial pedigree 
numbers shewn in Fig. 1. Where individuals were not examined by the 
author the source of the information is noted. The family evidence has 
been cross-checked by several individuals as far as possible and the sources 
of such information are cited. With one or two exceptions the intelligence of 
the witnesses was:‘of a high order, and their information can be considered 
accurate as far as it goes. 

The more medically interesting members of the family group are marked 
with an asterisk. 


First GENERATION 

I. 1 (husband of I. 2) died years ago but was personally known to III. 3 and 4; he is 
reputed to have been unaffected by the syndrome. 

I. 2 (wife of case I. 1) now dead, was unaffected according to the evidence of III. 3 
and 4, 

*I, 3 (Neil), now dead, is reputed unaffected according to III. 3, 4, 5, and 7. He was 
the first husband of I. 4 whose place in the pedigree is of importance. By this marriage 
he was the father of two apparently unaffected daughters (II. 6 and 7). He was un- 
related to I. 5 (Costello) the second husband of I. 4. 

*J. 4, now dead, is reputed apparently unaffected on the evidence of III. 3 and 4. 
By her first husband (I. 3) she had two daughters (II. 6 and 7). Her daughter (II. 7) was 
the mother of the main group of patients considered. In her second marriage to I. 5 
she had two sons: II. 8 with ichthyosis and asthma, and II. 9, with ichthyosis. She 
was thus plainly responsible for the transmission of the syndrome. 

*I, 5 (Costello), now dead, was unaffected according to III. 4. He bore no relationship 
to I. 3. His marriage to I. 4 produced two affected sons (II. 8 and 9). 


SECOND GENERATION 

II. 1, now dead, was unaffected according to his children (III. 3, 4, 5, and 7). His 
marriage to II. 7 produced five children who were all abnormal (III, 3-7). 

II. 2, female, now dead, was unaffected. She produced two unaffected sons (III. 1 
and 2). 

II. 3-5, three sons of I, 1 and 2, were all unaffected by the syndrome, and are now dead 
without issue. The evidence of IIT. 3, 4, 5, and 7 is conelusive. 

II. 6, female, daughter of I. 3 and 4, is now dead but was well known to III. 3, 4, 5, and 
7. She seems to have had a cataract in one eye. There were no signs of her being 
affected by the syndrome. Her husband was healthy and unrelated to the others and 
she had an unaffected son (III. 8). 

*II. 7, now dead, was the wife of II. 1. She was apparently unaffected by the syndrome, 
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but all her children (III. 3-7) were abnormal. There is an odd history of her going blind 
for 14 days and then recovering. None of her children could give the exact.cause of this 
attack; from their descriptions it was probably of functional origin. 

*II. 8, now dead, the elder son of I. 4 and 5, was well known to III. 3 and 4. He suffered 
severely from ichthyosis and also from asthma, but his eyes were unaffected. He had 
two daughters (III. 9 and 10), who were unaffected as far as other members of the family 
knew. , 

*JI. 9, now dead, younger son of I. 4 and 5, had severe ichthyosis according to III. 3 
and 4, but his eyes were unaffected and there was no record of asthma or other allergic 
affection. He had three unaffected daughters (III. 11-13). 


THIRD GENERATION 

III. 1 and 2, sons of II. 2 by an unrelated husband, are unaffected. They have no 
children (Evidence of III. 3). 

*III. 3, aged 50 years, son of II. 1 and 7, a highly intelligent toolroom machinist, 
has suffered all his life from congenital ichthyosis. He practises sunbathing so as to cause 
desquammation and has found that tea leaf poultices give relief by softening the skin. 
His corneae shew a moderate degree of dystrophy with nodules in the epithelium, super- 
‘ficial corneal stroma, and endothelium (Fig. 3). He has frequent attacks of pain and 
photophobia, the average attack lasting 3 to 4 hours and temporarily incapacitating him. 
He also gets attacks, of “‘ hay fever’ but not always from pollen. For instance, if he 
wears a particular suit an attack will ensue. He has in the past had attacks of asthma, 
but latterly these have become infrequent. He has two daughters (IV. 1 and 2). This 
patient and his daughters were examined by L. H. Savin. 

*III. 4, proband, son of II. 1 and 7, has been examined on numerous occasions by 
the author. He is aged 47 years, an active and intelligent man, and the manager of a 
busy firm of timber merchants. He has had ichthyosis as long as he can remember, and 
gets frequent attacks of vasomotor rhinitis “‘ like hay fever ’’. Both corneae shew corneal 
dystrophy with epithelial, superficial stroma, and endothelial nodules (Figs 2 and 3). 
He has been having attacks of pain in his eyes since 1916. Ina typical attack he woke up 
in distress at 3 a.m., and his wife reported that he had previously been “‘sniffing in his sleep’”’. 
On opening his eyes he felt excruciating pain, “‘ like red-hot sand in his eyes”. This 
became even worse as his lids ‘‘ ground across his eyeball ”: His eyelids felt as if ‘: blis- 
tered underneath ” and they were swollen and purple. The eyes poured with tears. He 
managed to ease the pain by pulling the lids away from the eyeball. The acute phase 
lasted 10 minutes and gradually passed off in 7 to 8 hours. Watering of the eyes con- 
tinued longer so that he was unable to report for work for 18 hours. On slit-lamp 
examination 2 days after the attack there was no sign of any breach in the corneal epithelium 
though there was a mild conjunctival congestion. The corneal dystrophy appeared as 
usual. A slit-lamp examination has been made after several attacks with similar findings. 
His corrected vision in each eye is 6/5 and J.1. 

*]II. 5, also examined by the author, son of II. 1 and 7, office worker aged 44 years, 
has always had ichthyosis simplex, which was much improved when he was in Singapore. 
The corneae shew the family dystrophy (Fig. 3), though the dots are more highly re- 
fractile than usual, almost appearing crystalline. The visual acuity is 6/4 in each eye. 

He has had attacks of pain in the eyes, but not so severe as his brothers. In a typical 
attack he awoke in pain with watering eyes at 2 a.m., but by 8 a.m. the trouble had passed. 
The last serious attack was in 1944, though he has had minor recrudescences. He 
attributes this comparative immunity to the care he now takes to avoid dry or smoky 
atmospheres; he avoids public vehicles and usually travels by bicycle. His wife is non- 
consanguineous; they have two children (IV. 3 and 4). The son suffers from asthma, but 
his eyes and skin are normal. 

Ill. 6, female, aged 39 years, is an inmate of Darenth Park Hospital for mental defectives. 
She is a feeble-minded woman in whom there is no trace of corneal dystrophy, ichthyosis, 
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or asthma. She wears glasses to correct a refractive error but shews no other ocular 
abnormalities. Her case is interesting, as mental deficiency often occurs in isolated 
individuals in an ichthyotic family group. 

*]II. 7, male, examined by the author, a clerk aged 36 years, is less affected than his 
brothers. Corrected vision is 6/4 in each eye. There are similar epithelial and sub- 
epithelial corneal dots and endothelial nodules, but the distribution is sparse. So far 
he has never had the acute attacks of ocular pain. He is handicapped by a stammer but 
is of good intelligence. His skin is a little rough yet not to the extent of deserving such 
a label as ichthyosis. He gets ‘“‘ hay fever” badly, and attacks of asthma. He is sen- 
sitive to many allergens including his brother’s cocker spaniel, and will always develop 
an attack of asthma when the animal is near. In 1951 he had a bad attack of asthma 
when the dog had previously been present without his knowledge. He is married and the 
father of an unaffected son (IV. 5). 

III. 8, male, son of II. 6, was well known to III. 3 and 4 in their childhood, and at that 
time was normal as regards skin, eyes, and asthma. The London members of the family 
do not know his present whereabouts, so he could not be examined. Genetically he 
might have been expected to shew some of the family stigmata. 

III. 9 and 10, females, daughters of II. 8, were normal in early childhood according to 
the evidence of III. 4. Present whereabouts not known. 

III. 11, 12, and 13, females, daughters of II. 9, were known to III. 4 in childhood and 
were then normal. 

Present whereabouts not known. 


FoURTH GENERATION 

IV. 1, female, aged 17 years, daughter of III, 3, examined by the author, is a clerical 
worker. Her skin is normal and she has no allergic troubles. Her left cornea shews a 
small “‘ white ring ” of subepithelial dots of the type described by Coats (1912). Both 
irides shew small tag-like remains of the pupillary membranes. No other abnormalities 
were discovered. Her vision is 6/5 in each eye. 

IV. 2, female aged 12 years, daughter of III. 3, examined by the author, presents no 


ocular, skin, or allergic anomalies. Vision is 6/5 in each eye. 

IV. 3, male, aged 5 years, son of III. 5, examined by the author, has in the left 
optic disc a crescent resembling the type found in’ myopia, though the eye is in fact em- 
metropic. Vision is 6/4 in each eye. His skin is normal, but he suffers severely from 
asthma. 

IV. 4, female, aged 7 years, daughter of III. 5, examined by the author, has normal 
eyes and skin, and has not had hay fever or asthma. 

IV. 5, male, aged 6 years, son of III. 7 is the patient of the Hon. G. J. O. Bridgeman 
who kindly furnished details. His eyes are normal save for refractive error and a con- 
vergent squint now successfully treated by operation. His skin is normal and there is no 
history of asthma or allergy. 


Discussion 

Corneal Dystrophy.—This occurred in four members of the family, always 
in male members, and always associated with ichthyosis or allergy or both. 
Ill. 7 presented the dystrophy in a mild form, so that it was only discovered 
on slit-lamp examination. Similar symptomless dystrophic changes may 
well therefore have been overlooked in other members of the family group 
who were not examined ophthalmologically, particularly the two ichthyotic 
members (II. 8 and 9). On the other hand three of the four known cases of 
corneal dystrophy have presented acute ocular exacerbations with pain, 
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lacrimation, and photophobia. The histories are so similar to those of 
recurrent erosion and treatment with lubricant (paroleine) is so effective 
that in the acute attacks one cannot help postulating a breach of epithelial 
continuity as the most likely explanation. No such epithelial disruption has 
in fact so far been observed. No direct transmission of the dystrophy from 
parent to child has been noted. The corneal “‘ white ring” of IV. 1 is an 
isolated instance, and on the present evidence is presumed to be a chance 
occurrence. 


Ichthyosis Simplex.—The factor of ichthyosis simplex has only been 
found in male members of the group. Cockayne (1933) noted that mental 
deficiency may occur in isolated individuals of an ichthyotic family group, 
possibly as an alternative manifestation of the ichthyosis factor. Therefore 
the mentally defective female patient (III. 6) in this family conforms to 
precedent, possibly the factor of ichthyosis as manifested in a female. In 
this family group ichthyosis can be transmitted to males by apparently 
unaffected females (I, 4 and II. 7). The first of these cases is particularly 
striking; by her first marriage she transmitted ichthyosis through her ap- 
parently unaffected daughter (II. 7) to three ichthyotic grandsons (III. 3-5); 
by her second marriage she transmitted it directly to her two sons (II. 8 and9). 
The skin condition is of relatively benign type in the group, and there is no 
tendency to eczematous exacerbations as in “ Besnier’s prurigo ’’; this is 
interesting as “‘ Besnier’s prurigo ” is also associated with asthma and allergy. 


Allergic Manifestations.—All the allergic manifestations in this pedigree 
are found in male subjects, either as “ hay fever” or as asthma. In three 
patients the allergy is associated with ichthyosis (II. 8, III. 3, Ill. 4). Allergy 
occurs with corneal dystrophy in III. 3, 4, and 7. Asthma occurs alone in 
IV. 3, who is the child of III. 5, a patient suffering from ichthyosis and corneal 
dystrophy but not from asthma. All the allergic subjects are descended 
from an apparently unaffected female subject (II. 4), who by her first marriage 
transmitted allergic manifestations through her unaffected daughter (II. 7) 
to three grandsons (III. 3, 4, and 7), and a greatgrandson (IV. 3), who suffers 
from asthma, and by her second marriage transmitted asthma to her son 
(II. 8). 

Mode of Genetic Inheritance.—Most of the facts disclosed in this genetic 
study are explicable on the hypothesis of three recessive genes, separate 
but adjacent on the X-chromosome, and carrying the phenotypic counter- 
parts of corneal dystrophy, ichthyosis, and allergy. This would explain the 
frequent recurrence of these characteristics, often in association, but some- 
times independently. The hypothesis would explain why positive manifesta- 
tions of the syndrome are practically confined to male members of the family 
group. As the genes are recessive, an externally unaffected female carrier, 
e.g., I. 4, married to a normal husband might have sons either normal or 
unaffected for each individual characteristic. Daughters would remain 
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externally unaffected, but might be carriers of the affected gene, which would 
reappear in turn in affected sons (I. 4 and II. 7). 

There are however several points in this study which are difficult to re- 
concile with the attractively simple hypothesis just propounded: 


(1) There are anomalies in two female members of the family. III. 6, the mentally 
defective female, would be readily explained as a chance occurrence were it not for 
similar findings in other ichthyosis families (Cockayne, 1933). Possibly, as 
suggested, idiocy is an alternative manifestation of the ichthyosis gene in females, 
but if this be so the simple hypothesis of inheritance must be expanded. Probably 
the “‘ white ring ” in the cornea of female subject IV. 1 is fortuitous; but further © 
research might conceivably shew it as a female alternative to corneal dystrophy. 

(2) Asthma has been noted in male subject IV. 3. His father suffers from 
ichthyosis and corneal dystrophy but not from allergic manifestations. Should 
the asthma in this case be considered fortuitous or is it inherited? Geneticists point 
out that part of the X-chromosome has its counterpart on the Y-chromosome, 
and considerations of this sort might easily account for the asthma in IV. 3. 


Final judgements are probably impossible without further data from 
other members of the family (III. 1, 2, 8, 9, 10, 11, 12, and 13). As the fourth 
generation increases in numbers and age further cases may appear and neces- 
sitate reconsideration of the mode of inheritance of the syndrome. 


Summary 
A family is described in which certain male members suffer from corneal 
dystrophy, ichthyosis simplex, and allergic manifestations. The syndrome 
is not complete in every case. Ichthyosis and atopy have often been pre- 


viously described in association. The eye complications of ichthyosis are 
usually those attributable to exposure of the cornea from ectropion of the 
eyelids, a complication which did not appear in this series. Slit-lamp 
examination of the corneae of ichthyotic patients might possibly disclose 
other latent or manifest cases of corneal dystrophy. It is hard to believe 
that the defect is confined to one family of ichthyotic patients. 


The author wishes to thank the patients for their cooperation in what must have seemed a 
tedious inquisition. He is also indebted to the Hon. G. J. O. Bridgeman for notes on Case IV. 5, 
to Dr. E. A. Cockayne for advice, to Dr. J. K. C. Laing for notes on Case III. 6, and to Dr. 
Sydney Thomson for advice and help with the dermatology. 
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CHOROIDAL SCLEROSIS* 
A POSSIBLE INTERMEDIATE SEX-LINKED FORM 
BY 
ARNOLD SORSBY anD MARY SAVORY 
Royal College of Surgeons and Royal Eye Hospital 


MARKED generalized choroidal sclerosis was observed in one member of 
each of two families (Figs 1 and 7), other members of which showed fundus 
lesions difficult to interpret. The present study poses two possibilities 
as to the significance of the choroidal sclerosis observed. 


The H. Family (Pedigree Chart 1).—Four cases were observed: two brothers, a 
daughter of the younger brother, and their sister’s son. 


1 


ml 
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Case 1, Alfred H. (iI, 6), aged 45, proband. There was no antecedent history of 
eye trouble in the family; the father, who died at 74, and the mother, who died at 75, 
were reputed to have been normal; they were not consanguineous. The patient 
had always had poor sight as long as he could remember but could see to read till 
the age of 31. His vision was hand movements, and the fundi showed generalized 
choroidal sclerosis with some pigment proliferation (Fig. 1, opposite). The disc 
and vessels did not suggest retinitis pigmentosa. This patient died from cerebral 
haemorrhage 3 months after the examination. 


Case 2, Albert H. (II, 8), aged 41, younger brother of Case 1, had had poor sight 


since about the age of 6 years, and could see to read till about the age of 27; he was 
greatly troubled by the black-out during the war. Vision was hand movements in 
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Generalized choroidal sclerosis 


Retinitis pigmentosa reaction with exposure Of choroidal vessels centrally and , 
a macular lesion 


Exposure of choroidal vessels with considerable atrophy 


2 carrier of intermediate sex-linked choroidal sclerosis 


PEDIGREE CHART 1.—The H. Family. 
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CHOROIDAL SCLEROSIS 


Fic. .1.—Alfred H. (Case 1), aged 45, left eye. There is generalized exposure of 
the choroidal vessels with conversion of some of these vessels around the disc into 
white streaks. Pigment proliferation, somewhat reminiscent of retinitis pigmentosa 
is present, but the discs and vessels are not of the retinitis pigmentosa type. The 
right eye was similar. 


each eye. His fundi (Fig. 2) showed exposure of the choroidal vessels with much 
atrophy. The characteristic conversion of choroidal vessels into white streaks seen 
in Case 1 was lacking. A certain amount of pigment, rather cruder than that seen 
in his brother, was present; as in his brother, the disc and vessels did not suggest 


Tetinitis pigmentosa. Re-examined 3 years later, there was no substantial change. 


Fic. 2.—Albert H. (Case 2), aged 41, younger brother of Case 1, left eye. There 
is marked choroidal atrophy with relatively little suggestion of choroidal sclerosis. 


The atrophy is most marked where the choroidal sclerosis was most marked in Fig. 1. 
The right eye was essentially the same. 
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Case 3, Patricia H. (Ill, 22), aged 6, younger of the two children of Case 2 (the 
elder child, a boy, was normal), She was myopic and with —8 D sph. each eye 
read 6/36 and 6/24. She was normal on the Ishihara test. Her fundi (Fig. 3) were 
albinotic in background and the maculae stood out markedly, showing a number of 
white dots. A marked myopic crescent was present. The fundi, whilst not defi- 
nitely pathological, were probably not altogether normal. Re-examined 3 years 
later the myopia had increased by about 2 D, and the visual acuity was 6/18 in 
each eye with full correction. 


Case 4, Charles H—t (Ill, 18), aged 30, son of the proband’s elder sister CII, 4). 
Vision with correction in the right eye —6 D sph., --3 D cyl., 10°, and in the left eye 
—9 D sph., —2 D cyl., 160° was hand movements. He had had trouble with his 
eyes ever since he could remember. The fundi, unlike those of his uncles, were re- 
miniscent of retinitis pigmentosa, both in the type of pigment and in the form of the 
disc and vessels. In contrast to the classical form of retinitis pigmentosa, there 
was considerable choroidal exposure centrally with a definite macular lesion (Fig. 4). 
His mother (II, 4), who died at the age of 22 at his birth, is reputed normal. 


Fic. 4.—Charles H—t (Case 4), aged 30, 

nephew of Case 1. right eye. There is ¢x- 
Fic. 3.—Patricia H. (Case 3), aged 6, posure of the choroidal vessels throughout 
daughter of Case 2, left eye. The fundus is —_ the fundus background with some suggestion 
albinotic in type. There is a marked circ- of choroidal sclerosis around the disc and 
ular crescent around the disc. The macular mottling at the macula. The disc and vessels 
area is not albinotic and shows a number _are consistent with the retinitis pigmentosa 
of white glistening dots. The right eye reaction which is seen towards the periphery. 
was similar. : The left eye was the same. 


Taking the family as it stands, the possibility of sex-linkage arises, but the 
evidence is not conclusive; apart from Case 3, five women in this family (Hi, 2; 
Il, 3; IM, 10; IIT, 16; IV, 1) were examined and found to have normal fundi, s0 
that the only suggestion of a carrier state centres in Case 3. It is unlikely thata 
simple recessive is at issue, for Cases 1, 2, and 4 belong to two generations. A 
dominant mode of inheritance is possible, but against it is the fact that the parents of 
the proband and the mother of Case 4 were reputed normal. 

A not unreasonable reading of these four cases is therefore that Cases 1 and 2 
represent choroidal sclerosis at two different stages, Case 4 the relatively uncommon 
retinitis pigmentosa type of this affection recorded elsewhere (Sorsby and Davey, 
1955), and Case 3 the carrier state of the affection in the daughter of an affected mab. 
For two reasons it is difficult to regard this group as illustrating different stages of 





CHOROIDAL SCLEROSIS 93 


choroideremia: the marked choroidal sclerosis shown by Case 1 and the retinitis 
pigmentosa type of reaction shown by Case 4 fit ill with any such reading. 


The K. Family (Pedigree Chart 2).—Four cases (Cases 5-8) were observed here: a 
boy, his mother, her brother, and his daughter. 
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PEDIGREE CHART 2.—The K. Family. 


Case 5, Brian K. (III, 4), aged 7, proband, was brought for examination by his 
mother as his eyes tended to water at the cinema. His vision was found normal but 
the fundi showed extensive mottling (Fig. 5). There was no nightblindness. A 
tentative diagnosis of early choroideremia was made. The Ishihara test was normal. 


Case 6, Alice K. (11, 12), aged 42, mother of Case 5, had normal vision and no 
subjective symptoms. The fundi showed a marked mottled and white reaction, not 
inconsistent with an extreme degree of the carrier state of choroideremia (Fig. 6). 
The Ishihara test was normal. 


Ris, 5.—Brian K. (Case 5), aged 7, left eye. Fic. 6.—Alice K. (Case 6), aged 42, mother 

is heavy mottling centrally and an of Case 5, left eye. There is an extensive 
exaggerated pepper-and-salt reaction towards mottled and white reaction throughout the 
the periphery, _The disc and vessels are fundus. The disc and vessels are normal. 
normal. The right eye was similar. The right eye was similar. 
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: Case 7, George K. (11, 2), aged 58, a brother of Case 6. Visual acuity 6/9 in the 

right eye, 6/18 in the left eye, fields contracted to about 10°. The fundi (Fig. 7) 
showed exposure of the choroidal vessels and a reddened central area. Some 
peripheral pigmentation was also present. There was no suggestion of retinitis 
pigmentosa at the disc or vessels. 


Case 8, Violet E. (III, 1), aged 30, daughter of Case 7, had full vision and no 
subjective symptoms. The fundi showed peripheral mottling consistent with the 
carrier reaction of choroideremia (Fig. 8). 


Fic. 7.—George K. (Case 7), aged 58, brother Fic.’ 8.—Violet E. (Case 8), daughter of 
of Case 6, left eye. With a normal disc and Case 7, aged 30, right eye. The periphery 
vessels there is exposure of the choroidal shows extensive mottling. The left eye was 
pattern everywhere except centrally. There similar. 

is conversion of some of the vessels to white 
streaks and considerable choroidal atrophy 
in the upper nasal sector. Some pigmentation, not definitely of the retinitis pigmentosa 
type, is present. The right eye was essentially similar. 





The family history was clear and there was no consanguinity. The findings, 
as far as they go, are reasonably suggestive of choroideremia in Cases 5 and 7, and 
of the carrier state in Cases 6 and 8. The point of interest here is that consider- 
able choroidal sclerosis was seen in the proband’s uncle, and that there is, as yet, 
no conclusive evidence that the family is indeed affected by choroideremia. 


Discussion 

The first family shows four different pictures in the four members seen. 
Case 1 shows a fairly typical generalized choroidal sclerosis, whilst in Case 2 
choroidal atrophy predominates. Case 3 is only doubtfully pathological, 
and if the child does indeed represent a carrier state, the difficulty arises that 
there is no recognized carrier state to fit the picture. Case 4 agrees fairly 
well with the retinitis pigmentosa type of reaction seen occasionally in 
generalized choroidal sclerosis. If the family is interpreted as affected by 
choroidal sclerosis, the history fits ill with the established dominant mode of 
inheritance, for neither the parents of Cases 1 and 2, nor those of Case 4 
are known to have been affected. There is therefore some justification for 
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regarding the group as affected by generalized choroidal sclerosis, possibly 
inherited in a sex-linked manner. 

In the second family, the evidence for intermediate sex-linkage is good, for 
two carrier women were seen, and these four cases would fit fairly readily 
into the diagnosis of choroideremia, except for the facts that Case 7 shows 
more marked choroidal sclerosis than is recognized as occurring in 
choroideremia, and that the final stage of choroideremia was not observed 
here. If this family is indeed an instance of choroidal sclerosis rather than 
of choroideremia, the evidence for an intermediate sex-linked form of 
generalized choroidal sclerosis becomes fairly convincing. 

Intermediate sex-linkage is well established in choroideremia and in 
retinitis pigmentosa, and.there is nothing inherently improbable in an in- 
termediate sex-linked form of choroidal sclerosis. It would thus be possible 
to regard choroideremia, intermediate sex-linked retinitis pigmentosa, and 
intermediate sex-linked choroidal sclerosis as determined by a series of 
allelomorphs of the same gene in the X-chromosome (as is assumed for the 
different grades of colour vision deficiency). Such a reading would help to 
explain the family likeness of these three affections. 


Summary 


(1) A family in whom the proband showed generalized choroidal sclerosis 
revealed two other affected men, one of whom showed extensive’ choroidal 
atrophy and the other a retinitis pigmentosa reaction with a macular lesion 
and exposure of the choroidal vessels centrally. A daughter of one of the 
affected men showed an anomalous central fundus appearance, possibly 
indicative of a carrier state. 

(2) In another family generalized choroidal sclerosis was seen in a man 
whose daughter, as also his sister and her young son, showed fundus 
reactions suggestive of choroideremia. . 

(3) If the first family is regarded as one of generalized choroidal sclerosis, 
the history would suggest that the affection may be inherited in an irregularly 
dominant manner in addition to the established dominant mode of inheri- 
tance. Likewise, if the second family is regarded as one of choroideremia, 
well marked choroidal sclerosis must be accepted as an intermediate stage 
of the affection. 

(4) As against the possibility that these two families represent different 
affections—irregularly dominant choroidal sclerosis and sex-linked choroid- 
eremia—the possibility is indicated that there exists an intermediate sex- 
linked form of choroidal sclerosis. 


Our thanks are due to Mr. Arthur Lister for information and facilities to examine Case 4. 
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USE OF MIOTICS IN SQUINT SURGERY* 


BY 


JOHN WHITWELL anp AUDREY PRESTON 
Moorfields, Westminster and Central Eye Hospital 


AFTER operations for convergent squint, a comparatively frequent result 
is that the eyes are straight for distance, but on attempting near vision, the 
squint reappears. It happens even after a full recession of both medial 
recti and after the fullest possible spectacle correction. This residual 
accommodational ‘squint proves a great handicap to the full restoration of 
binocular single vision and any treatment to obviate it would be welcome. 

The use of atropine in such cases is widespread, with the hope that paralysis 
of accommodation will reduce convergence. Unfortunately, atropine does 
not paralyse the will to accommodate. With the eyes atropinized the effort 
involved in attempting to obtain a clear image (frontal accommodation 
reflex) can cause a vicious overconvergence. We have often witnessed this 
unfortunate result when the child is playing with a toy or attempting to 
read a “ get-well-quick””’ card. Atropine is also unsuitable in such cases 
because so much of the post-operative orthoptic training, especially bar 
reading, requires clarity of near vision. 

It would seem therefore that the opposite effect upon accommodation 
would be of more use. Would pilocarpine, setting the accommodation for 
near without any voluntary effort, control this accommodational squint 
residue? Its use is not new, for Javal (1896) advised a young lady with a 
squint to use it when attending a wedding. More recently, Abraham 
(1949, 1952) has described the use of miotics in squints and some of the ill 
effects of the prolonged use of di-isopropyl fluorophosphonate, including 
the formation of intra-epithelial cysts of the iris. 

In our recent investigations, pilocarpine was used as an aid to the post- 
operative orthoptic training of cases that still showed a convergence for 
near, although for distance the eyes were straight or almost so. It was 
found necessary to instil the 1 per cent. drops into both eyes three times a 
day, and the treatment was started on the second or third day after operation 
as at no time were the eyes padded. Usually this was done for 4 weeks, 
followed by drops twice daily for 2 weeks and then once daily for a further 
2 weeks. This routine was varied according to the progress of the case. 

In successful cases, the beneficial effects were quick and dramatic. Cases 
that showed binocular single vision for near but with a marked tendency to 
break down to a convergent squint were immediately controlled as were 
several that were frankly convergent squints for near. 

The Figure (opposite) shows this effect of pilocarpine, which assists 
post-operative orthoptic training. 

The Table (overleaf) reports the progress of the first nine cases so treated. 
These results show that success depends on two factors. First, good binocular 
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MIOTICS IN SQUINT SURGERY 


(A) Looking at near 
object 7 days after bi- 
lateral guarded teno- 
tomy of medial recti. 


(B) Looking at near 
object 48 hours later, 
after instillation of 
pilocarpine. 


FiGuRE.—Male, aged 7 years, Case 4 in Table, had had bilateral recession medial 
recti (5 mm.) one year before. 


vision with fusion and fairly good stereopsis are essential for a successful 
result and pilocarpine will produce no miracles when these are lacking; only a 
temporary reduction in the angle of squint while the drops are being used 
can be expected. Secondly, the residual angle of squint must not be too 


large, but rather as expected, there is no definite limiting angle. The 
failure of pilocarpine to control the residual angle can be used as a yardstick 
in deciding on further surgery. Even a small reduction in the Maddox 
wing reading may allow the squint to be controlled. 


Case 9, a girl aged 7 years, had a left convergent squint, first noticed at 4 years old. 
Visual acuity.—Right eye: 6/9 with 3 D sph., 0-5 D cyl. 90°; Left eye: 6/7-5 with 2°5 
D sph. 


Pre-operative Instrument Readings.— 
Maddox Rod: with glasses Eso 6; without glasses Eso 30. 
Maddox Wing: with glasses Eso 23; without glasses Eso 36. 
Bilateral Visual Acuity: with glasses 6/9; without glasses alternating convergent 
strabismus. 
Bar Reading: with and without glasses—convergent squint. 
Synoptophore: with glasses+10°; without glasses+ 20°, with full stereopsis. 


Operation.—Bilateral recession of both medial recti (5 mm.) 
Post-operative Instrument Readings.— 


Maddox Rod: with glasses Eso 6; without glasses Eso 21. 

Maddox Wing: with glasses Eso 11; without glasses Eso 21. 

Bar Reading: with and without glasses—convergent squint. 

Bilateral Visual Acuity: with glasses 6/9; without glasses convergent squint. 


Treatment.—Pilocarpine 1 per cent. drops three times daily for one month, then twice 
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TABLE 
Cover Test Angle of Deviation 
Case Age State of (post-operative) (post-operative) 
No. | Sex | (yrs) | Binocul - - . 
Vision With glasses Without glasses With glasses Without 
> glasses 
1 M 12 Full Dist: Nothing ab- Alternating conver- +3 +12 
stereopsis normal detected. t strabismus. Rod Eso 2 Eso 15 
Near: latent conver- inocular single Wing Eso 3 Eso 15 
gence vision with effort 
2 M 7 Full Dist: Nothing ab- Abereenes conver- +5 +12 
stereopsis normal detected. oa re. Rod Eso 5 Eso 20 
Near: latent conver- sinocular single Wing Eso 11 Eso 19 
gence vision with effort 
3 M 8 Full Dist: Nothing ab- Right convergent +4 +5-15 
stereopsis normal detected. strabismus. sin- Rod Eso 2 
Near: right conver- ocular single vision Wing Eso 15 
gent strabismus with effort 
4 M 7 Fusion, Dist: latent conver- Left convergent stra- +8 +25 
some gence with g bismus near and Rod Eso 6 
Stereopsis recovery. distance Wing Eso 30 
Near: left conver- | 
gent strabismus | | 
5 F 8 Good Dist: latent conver-, Dist: latent conver- +10 | +12 
stereopsis gence, moderate gence. Rod Eso 10 Eso 19 
recovery. Near: left conver- Wing Eso 10 | Eso 19 
Near: latent conver- | gent strabismus | 
gence with slow | | 
recovery | } 
6 F 4 Weak Dist: Nothing ab- Left convergent stra- +5 +20 
fusion normal detected. bismus near and Other readings 
Near: left conver- distance not taken 
gent strabismus 
| 
| | 
7 M 7 Weak Dist: latent conver- Left convergent stra- +8 |} +15 
stereopsis gence, bismus near and Rod Esol10 | 
Near: left conver- distance Wing Eso 15 
gent strabismus 
8 M 6 Weak Dist: small right con- Same +6 +10 
stereopsis vergent strabismus. Rod Eso 6 | 
Near: increasing Wing Eso17 | 
right convergent | 
{ strabismus | 
9 F 7 Full | Dist: nothing ab- Alternating conver- +5 | 414 
stereopsis normal detected. gent strabismus Rod Eso 6 | Eso 21 
Near: small alternat- Wing Eso 11 Eso 21 
ing convergent | 
strabismus } 


























daily for 2 weeks, then daily for 2 weeks. 


During this time, the patient was encouraged 


to leave off glasses for distance and was given bar reading exercises, without glasses 


where possible. 


Final Instrument Readings.— 
Maddox Rod: with glasses Eso 3; without glasses Eso 9. 


Maddox Wing: with glasses Eso 3; without glasses Eso 9. 


Bilateral Visual Acuity: with glasses 6/7:5; without glasses 6/7-5 


Bar Reading: N.6. 
Synoptophore Angle: with glasses 0°; without glasses + 5°. 


This was continued for one month after the miotic was stopped. 


The cover test showed a slight latent convergence for near and distance without glasses. 
She was instructed to use her glasses for reading only. 
As yet, no control series has been investigated, and it could well be argued 
that orthoptic training would eventually give these cases full binocular single 


vision at all distances. 





It is submitted, however, that a result as shown in 
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—PROGRESS IN NINE CASES 


MIOTICS IN SQUINT SURGERY 









































Cover Test | Angle of Deviation 
(under pilocarpine) (under pilocarpine) Final Result 
With glasses Without glasses With glasses Without 
glasses 
Nothing abnormal de- Latent convergence +3 +10 Binocular single Success 
detected with slow recovery Rod Eso 2 Eso 11 vision without 
Wing Ortho Eso 11 glasses 
Nothing abnormal de- Left convergent stra- +3 +8 Glasses for school Success 
tected near and bismus in extreme Rod Eso 5 Eso 15 only 
distance convergence only Wing Eso 5 Eso 15 
Dist: Nothing ab- Right convergent | +3 +7 Small latent con- Success 
abnormal detected. strabismus ex- | Rod Eso 2 Eso 30 vergence only 
Near: latent conver- treme conver- | Wing Eso 9 Eso 35 
gence with g gence only 
recovery 
Dist: nothing abnor- Left convergent stra- +5 +18 Still tendency to Partial 
mal detected. bismus. Binocular Rod Eso 3 squint for near success 
Near: left convergent single vision Wing Eso 14 (Figure) 
strabismus. _Bin- | 
ocular single vision | 
with effort | 
Dist: nothing abnor- Latent convergence, +4 +7 Glasses discarded Success 
mal detected. moderate recov- Rod Eso 7 Eso 19 
Near: latent conver- ery | Wing Eso 7 Eso 1 
gence. Good re- 
covery | 
Dist: nothing abnor- Left convergent stra- | +3 +10 Small alternating Failure 
mal detected. bismus near and convergent stra- 
Near: left conver- distance i bismus with 
gent _ strabismus. glasses for near 
Binocular _ single 
vision. | 
Dist: latent conver- Left convergent stra- | +7 +12 Still convergent for Failure 
gence. bismus Rod Eso 9 near ; 
Near: left convergent | Wing Eso 11 
strabismus 
Dist: mostly Binocu- Alternating conver- | +5 +9 Further surgery Failure 
lar single vision. gent strabismus | Rod Eso 9 Eso 19 advised 
Near: right conver- near and distance | Wing Eso 9 Eso 19 
gent strabismus | 
Dist: nothing abnor- Alternating conver- | +3 +8 Glasses for close Success 
mal de " gent strabismus, | Rod Eso 6 Eso 21 work only 
Near: latent conver- latent convergence | Wing Eso 9 Eso 21 
gence, good recovery with effort. | 
' 

















the photograph will be of great assistance to the orthoptist, and will probably 
shorten the training period. It might help some cases to escape further surgery. 


Summary 


The use of pilocarpine drops in the post-operative treatment of squints 


with a residual convergence for near is described. Success can be expected 
only when good stereoscopic vision is present. 


This investigation was carried out at the Highgate Annexe of the Moorfields, Westminster 
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IN VITRO SENSITIVITY OF MICROCOCCUS PYOGENES 
TO THE COMMONLY USED ANTIBIOTICS* 


APPLICATION OF THESE TESTS TO THE TREATMENT OF 
BACTERIAL OCULAR INFECTION 


BY 


TED SUIE, WILLIAM H. HAVENER, anp STANLEY A. SROUFE 
Department of Ophthalmology, College of Medicine, Ohio State University, Columbus, Ohio 


A VAST amount of work has been done in the application of in vitro sensitivity 
tests for the determination of resistance of bacterial strains to various 
antibiotics. It is now generally agreed that in many cases these tests are 
indispensable weapons in the armamentarium of the clinician. Two pro- 
cedures may be employed: 

(1) disk method, 

(2) tube dilution method. 

The former was used in this study in order to obtain quick results to aid 
the physician in his choice of therapy. It must be remembered that the 
disk method is a qualitative measure of resistance rather than a quantitative 
measure. However, Collins (1954) has made a comparative study of these 
two methods and found a good correlation between them (91 +3 per cent.). 


Since Micrococcus pyogenes (Staphylococcus) is usually the most fre- 
quently encountered organism in cases of conjunctivitis (Suie, 1955), it 
was felt that a report concerning the antibiotic sensitivity of these strains 


would be of interest. 


Methods and Material 


One hundred and fifteen isolations of M. pyogenes were made from cases of 
primary and secondary conjunctivitis by the following procedure: 


Under strict aseptic technique cultures were taken from the lower cul-de-sac of patients 
with external ocular infections. The cotton swabs were placed immediately into thio- 
glycollate broth (without indicator) and incubated at 37°C. At the first evidence of 
growth (usually within 24 hrs) pure isolations were made on rabbit blood brain-heart 
infusion plates. Subsequently, the organisms were streaked heavily on other plates con- 
tdining the same media. The antibiotict and furacin disks{ were placed approximately 
2 cm. apart. The concentrations tested are shown in the Table. 

Readings for zones of inhibition were made at 6 and 24 hrs. The presence or absence 
of a zone of inhibition determined the sensitivity. The variation in the number of strains 
tested with various antibiotics was due to the availability of the disk at the time of testing. 
Coagulase tests were made on each strain by the method previously described (Suie and 


Taylor, 1955). 





*Received for publication July 4, 1955. 
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Findings 


The Table shows the results obtained in this series of cases. Of the anti- 
biotics tested, bacitracin (20 ng.) demonstrated the greatest activity against 
M. pyogenes and Polymyxin B the least. Furacin inhibited the growth of 
all the organisms tested. The relatively low activity recorded for ery- 
thromycin is undoubtedly due to the low concentrations used. 

Organisms which were coagulase positive did not differ significantly in 
their antibiotic response from those which were negative. 


TABLE 


ANTIBIOTIC SENSITIVITY OF M. PYOGENES ISOLATED FROM CASES 
OF PRIMARY AND SECONDARY CONJUNCTIVITIS 





No. of Strains 





Drug Dosage 
Susceptible | Percentage Susceptible 





Aureomycin 60 81 76°4 
(ug.) 30 73 69-5 
10 71 65-7 





Bacitracin 20 92 86-8 
(units) 10 87 82-9 
2 28 26-2 





Chloramphenicol 60 77 
(ug.) 30 72 
10 40 





Dihydrostreptomycin 52 


(ug.) 33 
6 





Penicillin 67 
(units) 51 
, 37 
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Polymyxin B 8 


(ug.) 2 
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Terramycin 72 
(ug.) 63 
49 
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Neomycin 57 
(ug) 30 
23 





Tetracycline 68 


(ug.) 58 
43 
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Erythromycin | 56 
(ug.) 50 


Furacin 100 
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Discussion 

How important are sensitivity determinations in the care of bacterial ocular 
infections? Will the arbitrary use of a “ broad spectrum ” antibiotic permit 
the physician to discard these expensive time-consuming tests? What is the 
best antibiotic to use if such determinations are not feasible? 

The answers to these questions are somewhat modified by the severity of 
the ocular infection. Specifically, since an acute catarrhal conjunctivitis has 
a self-limiting and benign course, no great harm will be done by the arbitrary 
prescription of an antibiotic to which the organism is resistant. On the 
other hand, a corneal or intra-ocular infection will almost invariably lead to 
severe damage unless promptly and vigorously treated with the appropriate 
antibiotic. 

The Table suggests certain conclusions regarding antibiotic therapy. It 
charts the sensitivities of Micrococcus pyogenes (Staphylococcus) isolated 
from 115 cases of ocular infection using the disk method. (Variations in the 
number of organisms tested by a given antibiotic were due to uncertain 
availability of all antibiotic discs at the time of testing). 

It is immediately apparent that, even in infections caused by the same 
organism, there is a considerable difference in antibiotic sensitivity between 
different strains. Arbitrary prescription of a “ broad spectrum” antibiotic 
would have been ineffective against at least one-fourth of this series of 
staphylococci; penicillin and dihydrostreptomycin would have been in- 
effective against at least 50 per cent.; 100 per cent. of this series were sensitive 
to furacin, and over 80 per cent to bacitracin. 

If, therefore, one seeks the best drug for arbitrary prescription in acute 


conjunctivitis, good reasons exist for choosing medications the use of which 
is limited to topical application (such as furacin, bacitracin, sulphacetamide): 


(1) The organisms are more likely to be susceptible—presumably because of 
the low level of usage of these drugs. 

(2) If drug allergy should develop (and the index of allergy is very low for these 
medications) it will not preclude the use of systemic antibiotics in the event of 
subsequent serious infection. 

(3) If resistant bacterial mutants are produced, future disease caused by these 
strains may still be susceptible to the systemic antibiotics. 


Since variations exist not only in strain but also in type of organism, it 
is impossible to predict the best therapy without sensitivity testing. Such 
tests are mandatory in cases of serious ocular infections (keratitis, cellulitis, 
endophthalmitis). Pending the results of sensitivity determinations, these 
patients should immediately be placed on “ shot-gun” therapy, such as 
furacin and polymyxin topically and penicillin parenterally. Because of the 
setiousness of such disease and the confusing differential diagnosis, such 


cases should be promptly referred to the ophthalmologist. 
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Summary 

(1) Sensitivity determinations are tabulated for staphylococci isolated 
from 115 cases of ocular infection. 

(2) Since acute catarrhal conjunctivitis is a relatively benign disease, it 
may safely be treated without such determinations. Recommended drugs 
are furacin 1 per cent., bacitracin, 500 u./ml.; or sulphacetamide 30 per 
cent.—to be used every | or 2 hours while awake. It must be remembered 
that acute catarrhal conjunctivitis is self-limiting, and that failure to respond 
within 3 or 4 days means misdiagnosis. 

(3) The serious ocular infections demand prompt therapy with combined 
antibiotics, bacterial culture and sensitivity determinations, and reference to 
an ophthalmologist. 


This study was assisted by the financial support of the Lions Clubs of Ohio. 
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COMPRESSION OF THE AQUEOUS OUTLETS* 


BY 


H, LYTTON 


Ealing, London 


IT is acommon CXpe,r. jence to find the ocular tension low after cataract extrac- 
tion when no complications such as iritis, vitreous prolapse, or haemorrhage 
have occurred. Indeed, it is recognized that a cataract extraction 
may normalize a moderately raised intra-ocular pressure. This result is 
usually explained by the abolition of lenticular pressure against the base of 
the iris and the consecutive widening of the angle, and further by the free 
communication between the anterior and posterior chambers after the iri- 
dectomy and by the neuro-vascular influence of the operation. On the 
other hand, it has to be considered that the incision is usually made close to 
the exit channels of the aqueous, and that the resulting scar tissue may 
involve the trabecula, the canal of Schlemm, and its communications with 
the aqueous veins in the upper periphery. Though the drainage channels of 
the lower periphery should be able to cope with the whole aqueous outflow, 
this compensatory regulation may become insufficient when the resistance 
to the aqueous outflow is higher than normal. In these cases the question 
arises whether it would not be better to place the von Graefe section through 
the anterior part of the limbus rather than through the posterior part. 

1 have tried to inhibit the aqueous outflow by applying circular pressure 
at the limbus for 90 seconds. This compression was applied by a metal cone 
which had an inclination of 30° to the horizontal plane. This closely 
corresponds to the inclination of the common tangent of cornea and sclera. 
The cone was 13 mm. wide and was attached as footplate to a plunger 
fitting into the old Schiétz tonometer. The 15-g. weight was screwed on. 
To allow control of the vertical position during the compression a spirit 
level was attached above the scale of the tonometer (Fig. 1, opposite). 

The weight of the whole apparatus (including the 15-g. weight) is 38.5 g., 
but only about half of this weight is used for compression as the 
pressure is exercised at an angle of 30° and sine 30° equals 0-5. 

For the application of a higher pressure a conical ring of the same dimension 
was used. This ring has an extension which slides on the shaft of the 
Bailliart dynamometer, while the footplate of the dynamometer is pressed 
against another extension of the conical ring (Fig. 2, opposite). 


*Received for publication November 1, 1955. 
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i have applied this 


limbal pressure test to 
32 normal eyes, and to 
operated and unoperated 
eyes with chronic and 
congestive glaucoma or 
cataract. Before and 
after the compression 
the tension was tested by 
means of the weight- 


less tonometer (Weiss), 
which hasa convex foot- 


plate. The deviation of 
the hand at the scale was 
noted without convert- 
ing the result into mm. 
Hg. The average time 
between removing the 
limbal pressure and 
reading the tension was 
3 seconds. This should 
be sufficient for restor- 
ing the shape of the eye- 
ball to its former con- 
figuration. It should 
not be sufficient to eli- 
minate aqueous, which 
might have accumulaied 
during the 90 seconds of 
compression. The meas- 
urements were taken be- 
Fic. 1.—Schidtz tonometer Fic. 2.—Bailliart dynamo- tween 10 and 10.30 a.m. 
adapted for applying pressure meter adapted for applying The Table (overleaf) 
at the limbus. pressure to the limbus. gives: the. vesulte-of the 
circular compression. 

Any eye showing tonometric readings of 7 or less was treated with miotics. 
Ihad expected that the tension would rise dramatically when the exit channels 
of the aqueous were compressed. In most of my patients, however, the 
tension after circular compression was the same or slightly lower than before. 

The small increase in tension in two cases may be due to increased blood 
inflow. after the compression ischaemia, but is more probably due to the 
incomplete recovery of the eye from the pressure. Thus, the root of the 
itis, which is pushed against the trabecula of the cornea by the pressure, 
temains for a short time in apposition with the cornea, blocking the angle 
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TABLE 





: Tension 
(degrees of tonometer scale) 





Surgical 
Intervention Anterior Chamber Before After Compression 

Diagnosis Compres- (T=tonometer; 
| sion Bx =dynamometer 

and pressure) 








Operation Measure- We 
ment 








Chronic glaucoma Iris inclusion 
Congestive glaucoma — 
Congestive glaucoma Iridectomy 
Chronic glaucoma Iris inclusion 
Chronic glaucoma Iris inclusion 
Chronic glaucoma _ | Trephini 
Right cataract } Cataract 
extraction 
Chronic glaucoma — 
Chronic glaucoma oo 
Bilateral cataract — Cataract 

1 extraction 
Chronic glaucoma Excision 
Congestive | Iridectomy 
Cataract Cataract 
extraction 
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Chronic glaucoma 
Congestive 
Chronic glaucoma 
Chronic glaucoma 
Cataract 
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Cataract 
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extraction 
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Chronic glaucoma 
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Chronic glaucoma 
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Chronic glaucoma 
Presbyopia 
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Presbyopia 

Chronic glaucoma 
Chronic glaucoma 
Chronic glaucoma 


Be8E (OUEST 


CUNINSWODOOAS Ooo 


oe 


Iris inclusion 


ROO 








SQ VIII NZIS Sn nnn TNS THE TEnnnins 


IIMLL IL Lo mares wy pry 


oo 
a 



































like a gonosynechia. After two minutes the tension in both these cases had 
returned to the level of the first reading. The tension was high during the 
compression. This could be demonstrated by using a conical ring with a 
handle; this was pressed against the limbus while the tonometer was placed 
on the cornea through the ring. The hand of the tonometer was pushed back 
nearly to zero, but the tension went down when the pressure was released. 
How can the absence of a rise in tension after circular compression of the 
aqueous drainage channels be explained? As there are no other outlets of 
significance it must be assumed that the production of aqueous is inhibited 
by the increased pressure. For this reason tonometry cannot claim to be 
an exact method for measuring the aqueous outflow. The reduced tension 
in tonometry depends not only on the amount of aqueous outflow, but also 
on the inhibition of aqueous production by the increased pressure. This 
inhibition of the function of the ciliary body was evident in my cases even 
with the moderate degree of compression exercised by the weight of the 
tonometric instrument. It is probable that some automatic regulation 
exists between intra-ocular pressure and production of aqueous. Thus, a 
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moderate rise in pressure is often not progressive, and the tension will not 
become excessive if the aqueous production is correspondingly diminished. 
Using high compression with the dynamometer equalling the systolic pressure 
in the ophthalmic artery, the circulation within the eye comes to a standstill 
and no aqueous can be produced by the ciliary body. This is also the case 
in a severe attack of acute glaucoma, the low tension after the attack being 
obviously due to pressure inhibition and damage of the ciliary body. It 
may be asked whether a mathematical relation between aqueous production 
and intra-ocular pressure exists. The few tonometric measurements which 
I have made with different weights do not bear out this possibility. There 
are too many variables: differences in corneal-scleral elasticity, individual 
reaction of the ciliary body and its vessels to pressure, and especially the 
reaction of the autonomous nerves. Wide variations in the autonomic 
reaction of individuals is seen in the effect of increased ocular tension on 
the heart and stomach: in some persons nausea and a slowing of the pulse 
tate are very marked, while in others these parasympathetic responses are 
negligible. 


Summary 
The technique of compressing the aqueous outlets at the limbus is described. 
The tensional results of the compression show that an increase in the intra- 
ocular pressure inhibits the production of aqueous. Tonography which 
does not take this inhibition into account cannot give exact information 
regarding the aqueous outflow. It is suggested that the production of 
aqueous is automatically regulated by the intra-ocular pressure. The 


production decreases when the pressure rises and vice versa, thus maintaining 
the equilibrium between production and outflow. In chronic glaucoma 
decreased production compensates to a certain extent for the increased 
resistance of the aqueous outlets, and a new equilibrium between aqueous 
production and outflow at a higher pressure level is established. 
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ELECTRO-OCULOGRAPHY AS A FUNCTIONAL TEST IN 
PATHOLOGICAL CONDITIONS OF THE FUNDUS 
I. FIRST RESULTS* 


BY 


J. FRANCOIS, G. VERRIEST, anp A. De ROUCK 


From the Ophthalmological Clinic of the University of Ghent 
Director: Prof. J. Frangois 


THE modifications of the standing potential in pathological fundus con- 
ditions are practically unknown, although electro-oculography (EOG) 
is a technically simple and clinically very efficient method of obtaining an 
indirect estimate of its value. Although the EOG is now widely used in 
order to study ocular motility, it is generally not considered as a functional 
test: only Riggs (1954) has reported diminished deflections in a case of 
pigmentary degeneration, and we ourselves have studied the EOG in a few 
cases of congenital retinal abnormality, such as Oguchi’s disease (Francois 
and Verriest, 1954) and total colour blindness (Francois, Verriest, and De 
Rouck, 1955b). The present paper deals with the technique, physiological 
values, and results obtained in a few cases of the more typical diseases of 
the choroid and the retina. 


Technique 
After a study of the regional differences of conductions on the face of one-eyed 

subjects (Francois and De. Rouck, 1955), we adopted the following electrode- 
scheme as giving the greatest amplitudes, the most constant regularity, and the 
most independent records for both eyes (Fig. 1): 

(1) On the temporal orbital ‘margin, a little below the external canthus of the 

right eye; 

(2) On the base of the nose, near the internal canthus of the right eye; 

(3) On the base of the nose, near the internal canthus of the left eye; 

(4) On the temporal orbital margin, a little below the external canthus of the 


left eye. 
(5) A mass-electrode is placed on the.forehead or on the occiput. 


We use non-polarizable silver electrodes, attached to the skin with collodion. 


The skin is cleaned with ether, and 
contact is aided with commercial 
electrode jelly. An _ ink-electro- <™, 


encephalograph is used for the 
registration. ~> 


The subject performs, as rapidly {| > aa 
as possible, two ocular movements 
in an interrupted series: 

(i) from the extreme left to the extreme right (LR); 
(ii) from the extreme right to the extreme left (RL). 


Fic. 1.—Scheme of arrangement of electrodes. 





*Received for publication August 5, 1955. 
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The derivation 1/2 gives the registration of the standing potential of the right 
eye and 4/3 the same for the left eye (in cases of unilateral enucleation with or 
without implant or prosthesis, the corresponding derivation is nearly zero). 

We have adopted for each eye (mean deflection) as the basis of estimating the 


value: 
M=tRtRE 
These measurements are effected in moderate brightness, without “previous 
dark- or light-adaptation, to prevent a rapid modification of the values (Francois, 
Verriest, and De Rouck, 1955a). 


Physiological Values 

We recorded the EOG of both eyes in a series of 34 normal subjects. We 
also obtained 61 utilizable values of M; these form a normal distribution 
with a good approximation (Fig. 2). The arithmetical mean m=405 uV 
and the standard deviation « 60 pV. Theoretically 95-4 per cent. of the 
normal values must be between m + 2,, or 285 and 525uV. In one subject 
we obtained very low values (M=130 yV for the right eye and 215uV for 
the left eye). According to Chauvenet’s criterion, we did not include this 
case in the statistics. , 
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Fic. 2.—Physiological values of M. 


We compared the values of the two eyes in 28 subjects and established 
that in normal conditions (Fig. 3, overleaf): 


Moray — Mv 
<0 


Pathological Eye-Conditions 
(1) Microphthalmos.—We examined two cases. In the first the condition 
was bilateral and the values of M very low (right eye 115 pV; left eye 55 »V). 
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Fic. 3.—Comparison between values for two eyes in normal subjects. 


In the second the condition was unilateral and complicated by a coloboma of 
the optic nerve and the choroid; on the affected side the EOG was markedly 
reduced (270 »V) in comparison with that of the sound eye (440 nV). 


(2) Congenital Functional Abnormalities of the Retina.—We examined 
three cases of total colour blindness with amblyopia (“‘ rod-monochroma- 
tism”’). In one we obtained very high normal values (right eye 500 zV, 
left eye 450 uV); in the second lower, but noimal, values (300 »V for both 
eyes); in the third we also obtained normal values, but these were not com- 
parable, because we were using a different technique. 

We also obtained normal values in a case of protanopia (right eye 425 uV; 
left eye 480 »V), in a case of pronounced protanomaly (400 pV, quotient of 
anomaly 0-16; marked depression of the spectral sensitivity in the red), 
and in cases of deuteranopia and deuteranomaly (quotient of anomaly 3-6). 

A case of Oguchi’s disease showed a normal EOG (440 and 425 pV). 

However, in all these congenital abnormalities, there are no histological 
features indicating that the functionally absent receptors are missing. 


(3) Tapeto-Retinal Degenerations.—Eight cases of primary pigmentary 
degeneration were tested: - : 
Four showed pathologically low values: 140 nV for both; 
Right 100 pV, left 170 uV.; 
200 uV for both; 
Right 250 pV, left 200 pV. 
Three gave a subnormal value for one eye: Right 270 nV, left 340 uV; 
Right 245 uV, left 390 nV; - 
Right 285 uV, left 200 nV. 


One gave high normal values: Right 500 pV, left 510 vV. 


This last case was an initial one, with a monophasic dark-adaptation 
curve (final global threshold: log asb 0-05—2-00) and an extinguished ERG 
as in the other cases. 
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In a case of atrophia gyrata, a young girl with typical fundus modifica- 
tions and myopia, mild concentric contraction of the visual fields, high 
monophasic dark-adaptation-curve (global threshold after 20 min: log asb 
0:7—3-0), and an abolished ERG, the values were 335 uV for the right 
eye and 360 pV for the left eye 

In a case of abiotrophic juvenile macular degeneration, with normal ERG, 
objective and subjective CFF, and dark-adaptation curve, the values were 
again normal: 375 uV right eye and 400 pV left eye. 

In a case of unilateral senile macular degeneration (retinitis disciformis) 
the result was 220 uV on the affected side and 330 uV on the sound side. 


(4) Chorio-retinitis—Among our cases of cicatricial diffuse or disseminated 
chorio-retinitis, two showed a normal EOG (the first had a normal and the 
second a diminished ERG), and three others gave pathological values. The 
first of these three cases had a bilateral, heavily pigmented, diffuse chorio- 
retinitis with impairment of central vision, central and paracentral scotomata, 
a slightly subnormal dark-adaptation curve, and a subnormal b-wave in the 
ERG. The values of M were right eye 50 pV, left eye 260 pV. 

In the second case, the lesions were circumscribed at the posterior pole, 
the values of M were 145 pV in the right eye and 125 pV in the left eye. 

The third patient was a woman aged 42 years with very pigmented lesions, 
macular choroidal sclerosis, abolition of central vision in the right eye 
(left eye : 1-0), central and paracentral scotomata, a normal red-green 
colour-sense, a high biphasic retarded dark-adaptation curve with a sub- 
normal final threshold (log asb 0-6—5-0), a diminished ERG (amplitude of 
the b-wave with the apparatus of Karpe : 50 uV), and a reduced objective 
CFF. The values of M were 210 yV in the right eye and 250 pV in the left. 

Two cases of toxoplasmic cicatricial central necrotizing chorio-retinitis 
had a normal EOG. 

We examined a case of secondary pigmentary retinicis after measles. 
The EOG was at the inferior limit of the physiological range in the right eye 
(265 uV) and gave a normal value in the left eye (360 nV). This case pre- 
sented in the beginning an extinguished ERG; one year later, there was an 
isolated negative deflection (P III). The visual fields presented an annular 
scotoma and there was a marked hemeralopia. 

A case of retinitis septica, with healed secondary retinal detachment of 
the left eye, showed values of 330 pV in the right eye and 140 pV in the left 
eye. The ERG was absent in both eyes. 


(5) Myopia Gravis and Myopigenic Retinal Detachment.—In four cases 
of high myopia with pronounced choroidosis the values of the EOG were 
normal (470 and 450 pV; 335 uV; 400 and 500 pV; 490 and 420 uV). 

Five eyes with actual or old, unhealed total detachment showed very low 
pathological values (145 nV; 50 nV; 50 uV; 170 nV; 250 pV). 
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Two cases of healed detachment were examined. The first (Fig. 4) 
showed a diminished value (200 pV; 500 pV for the sound eye), and the 
second showed normal values (470 uV) although the ERG was absent. 
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‘ 
Fic, 4.—-Pathological electro-oculogram in retinal detachment of the right eye. 
Value of M: right 200 uV, left 500 uV. 
(6) Vascular Disturbances.—We obtained normal values in cases of hyper- 
tensive retinopathy, diabetic retinopathy, embolism of the central artery, 
periphlebitis, pre-retinal haemorrhage, and diffuse choroidal sclerosis. 


(7) Glaucoma.—We also obtained normal values in cases of wide-angle, 
narrow-angle, and traumatic glaucoma. In a case of congenital glaucoma 
we found a subnormal value in one eye (210 uY), and in another case a 
normal value (470 pV), the other eye being enucleated. 

A patient with very advanced wide-angle glaucoma, no visual perception 
in the right eye, and a thrombosis of the central vein with haemorrhagic 
glaucoma in the left eye gave the following results: right eye 160 uV, left eye 
175 »Y. The ERG was subnormal for both eyes and the dark-adaptation 


curve in the left eye highly pathological. 
(8) Optic Nerve and Higher Optic Pathways.—We found. normal values 


in cases of papillitis and retrobulbar neuritis, and in a case of cerebral 
thrombosis with homonymous triquadranopsia, acquired total colour 
blindness, deuteranopic anomaloscopic findings, and normal spectral 


luminosity. 


Summary 
With a standard method, we used electro-oculography as an indirect 
estimation of the standing potential in conjunction with other functional 
tests in normal and pathological cases. The normal range (m2) of the 
mean deflection M lies between 285 and 525 uV. > Too low values were 
principally found in cases of microphthalmos, primary pigmentary degenera- 
tion, cicatricial chorio-retinitis, and retinal detachment. There is no direct 

correlation with the ERG, which seems to be more rapidly affected. 
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VISCOSITY AND COMPOSITION OF SOLUTIONS 
DERIVED FROM RABBIT VITREOUS HUMOUR* 


BY 
S. A. BORUCHOFFT anp A. M. WOODIN 


Medical Research Council Ophthalmological Research Unit, Institute of Ophthalmology 
, University of London 


THERE are three kinds of macromolecular substance in the vitreous humour: 
fibrous material, a viscous mucopolysaccharide, and soluble protein. The 
first, the residual protein, has many properties in common with collagen 
(Pirie, Schmidt, and Waters, 1948). The second, hyaluronic acid, has been 
characterized by Meyer and Palmer (1934) and shown to be a polymer of 
glucuronic acid and N-acetyl glucosamine. The last, the soluble protein, 
has some characteristics in common with serum proteins (Varga and Balazs, 
1954; Brunish, Rowen, and Irvine, 1955), but the identity of the two has yet 
to be proved. 

These materials are present in very small amounts. Ox vitreous, for ex- 
ample, contains only about 0-12 per cent. colloids. Since the colloids are 
so dilute, it appeared probable that the stability of the gel was due not to 
water-binding by the isolated molecules but to their interaction to produce 
a network. We have obtained evidence to support this from a study of ox 
vitreous humour (Woodin and Boruchoff, 1955). Thus when ox vitreous 
is solubilized by high-speed stirring, the resultant liquid exhibits anomal- 
ous viscosity. Anomalous viscosity is the dependence of the viscosity 
on the forces applied to the liquid and it is a sign of the tendency of the 
liquid to form a gel. We found that the anomalous viscosity of ox vitreous 
is due to interaction between the hyaluronic acid and the residual protein, 
soluble protein playing little part in the process. The interaction is not due 
to specific chemical bonds but may be explained in terms of the size and charge 
of the particles. 

It will be shown in this paper that rabbit vitreous humour has a much 
smaller concentration of hyaluronic acid and a somewhat larger concentration 
of residua) protein than ox vitreous humour. Therefore some preliminary 
experiments in vitro on the factors determining the stability of rabbit vitreous 
humour were carried out. 

: The stability in vivo was also of interest. Von Sallman (1948) showed that 
Injections of hyaluronidase into vitreous humour caused an inflammatory 
response and facilitated the movement of injected red blood cells. Pirie 


— 
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(1949), using a polysaccharide disaggregation test, found that hyaluronidase 
caused disaggregation of vitreous hyaluronic acid in vivo. Pianten and 
Hoppenbrouwers (1954) concluded that hyaluronidase does not liquefy the 
vitreous humour. We have accordingly investigated the effect of hyaluron- 
idase injections in vivo on the stability of the vitreous gel. 


Methods 


In vivo Experiments.—Adult rabbits of either sex under nembutal anaesthesia were 
used. Only one eye was injected, the other serving as a control. Injections of 
0-1 ml. physiological saline or of solutions of the testicular hyaluronidase 
* Rondase ” (Evans Medica) Supplies) containing 300 pg./m). were made asepti- 
cally. The animals were killed with nembutal at different times after the injections 
and the eyes were observed in the slit lamp. They were then removed and cut 
equatorially, and the vitreous was allowed to fall free, the anterior attachments 
being severed with a scalpel. 

A rough impression of the state of the vitreous body could be formed at this 
stage, permitting a distinction to be made between a normal vitreous, with only a 
few drops of liquid but a large gelatinous mass, and a liquid vitreous with [little 
gelatinous material but much fivid. A quantitative measure of the fluidity 
of the vitreous was made at this stage by observing the time required for 
0-4 ml. of filtrate to form from a vitreous humour suspended in a funnel of silk 
gauze (30 mesh/inch). 

The filtrate was collected in calibrated tubes containing some solid sodium 
diethyl-dithiocarbamate. The latter was added to inactivate the Cut +-ascorbic 
acid system of aqueous humour which is capable of depolymerizing hyaluronic 
acid (Barany and Woodin, 1955). The filtrate was shaken for 15 minutes and a 
known volume dialysed in the cold for 24-48 hrs against 0:2 M NaCl, 0-016 M 
NaH,PO,, 0-034 M Na,HPO,, pH 7. The solution was then filtered through a 
porosity-4 sintered glass filter (a.p.d. 5-10 microns), the volume adjusted to that of 
the solution before dialysis, and the viscosity measured in the horizontal 


viscosimetre. 


Experiments on Pooled Rabbit’s Vitreous.—The material was prepared from rabbit 
eyes which had been stored in the frozen state. An equatorial cut was made while 
the eye was frozen and the sclera peeled away from the solid vitreous which was 
then washed with saline, blotted, and thawed. 

A solution could be made from the thawed vitreous by stirring in a blendor 
fitted with steel blades rotating at 14,000 r.p.m. This process was carried out at 
O°C. and in the presence of about 5 ml. 0-1 per cent. sodium diethyl-dithio-car- 
bamate for each 100 ml. vitreous. The liquid was centrifuged at 2,500 r.p.m. for 
15 minutes and the sediment discarded. The supernatant will be known as the 
** homogenate ”. 

Filtrates of this homogenate were made by passage though a porosity-4 sintered 
glass filter (a.p.d. 5-10 microns) or through gradcol membranes (a.p.d. 440 or 
190 mp). 

A preparation made from eyes which had not been frozen did not differ from 
the above. 
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Analytical Methods 


Viscosity Measurements.—Yhese were made at 30°C. The horizontal viscosi- 
meter was attached to a constant pressure apparatus permitting shear rates of 
35-500 sec.*. The capillary had the dimensions, radius 0-0195 cm., length 


29-8 cm., and the flow time for 0-048 ml. water was 28-4 sec. at a pressure of 
70 mm. H,0.. The shear rate was calculated from the formula: 


8V 


ITry*t 
V being the volume flowing through the capillary, radius y,intimet. Nocorrection 


for kinetic energy was necessary. Relative viscosity was obtained by comparing 
the flow time of vitreous with that of saline at the same shear rate. 


The Couette viscosimeter used in the experiments on pooled rabbit vitreous had 
the following dimensions: diameter of outer cylinder 16 mm., and diameter of 


inner cylinder {2 mm. The inner cylinder was immersed to a depth of 10 cm. in 
10 ml. liquid. 

Ultraviolet Absorption Measurements.—These were made in a Unicam spectro- 
photometer. The optical densities were corrected for scatter, and refer to a 
l-cm. light path. 

Hydroxyproline.—This was determined by the method of Neuman and Logan 
(1950). For blanks, vitreous samples were subjected to the entire process with 
the exception of the final heating at 70°. 


Hexosamine.—This was determined by the reaction of Elson and Morgan (1933). 


Hydrolysis was in 58 N HCI for 6 hrs at 105°. Standards were carried through 


the hydrolysis procedure. 


Hyaluronic Acid —Concentrations were calculated from the hexosamine values. 
So obtained the values are maximal, since soluble protein can contain combined 


hexosamine. 


Results 


Table I describes the effect of hyaluronidase or saline injection on the 
state of the vitreous humour. Normal and saline-injected eyes differed 
TABLE I 


EFFECT OF HYALURONIDASE AND SALINE INJECTIONS ON THE 
: VITREOUS HUMOUR OF RABBITS 





No. of | Mean Number of Seconds 
Material Eyes* for 0-4 ml. to 
pass through Gauze 


Mean Relative Viscosity 
p= = 300-400 | B= 100-200 





| 

N al vit 297 | 
ee a) zz “a5 

=| 3 | 4 
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Vitreous after saline in- 
jection 


EE 





Vitreous after hyaluron- 
idase injection an | 
12 | 





* The eyes were excised 1-2 days after the injection. 
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little, but the vitreous from eyes into which hyaluronidase had been injected 
flowed through the gauze forty to fifty times more rapidly than those from 
control eyes. The corresponding filtrates differed four-fold in their viscosi- 
ties. The latter difference can account for only one-quarter of the difference 
of the rate of flow through gauze. It can therefore be concluded that the 
gel is liquefied by hyaluronidase. This received confirmation from visual 
inspection of the vitreous body on opening the globe. In every case in which 
hyaluronidase had been injected, the structure of the vitreous had been noted 
as “* mostly fluid ” or “ grossly fluid ”, whereas the normal or saline-injected 
eyes had been described as “ grossly gel”. Vitreous from a single animal 
killed 30 days after the hyaluronidase injection had the same flow time 
through gauze, and the filtrate the same viscosity as from those which 
survived 1-2 days. 

We confirm the observations of previous authors that hyaluronidase 
causes an inflammatory reaction, but injections of 30 ug. caused the ap- 
pearance of only a few cells in the anterior vitreous. No animals which 
showed aqueous flare are included in this report. 

Table II describes the hydroxyproline content of rabbit vitreous and its 
derivatives. Collagen is the only protein which contains hydroxyproline 
in significant amounts (Neuman and Logan, 1950). Since residual protein 
is similar to collagen, the hydroxyproline content has been used as a measure 
of collagen concentration. Only a little of the hydroxyproline-containing 
material is solubilized on homogenization and that is retained by a porosity- 
4 filter. The results obtained from the ox are included for comparison. 


TABLE II 
HYDROXYPROLINE CONTENT OF VITREOUS HUMOUR AND ITS DERIVATIVES 





Material Hydroxyproline Calculated Collagen Contentt+ 
Content (ug./ml.) ug./ml. 


Whole Vitreous 14 128 
Rabbit Homogenate 1-5-2 13-6-18-2 
Porosity-4 Filtrate | 0-2 1-82 


Whole Vitreous 8-10 
Homogenate 5-8 
Porosity-4 Filtrate | 1-2 

















* Results taken from Woodin and Boruchoff (1955). : 
+ Collagen content calculated by assuming 11 per cent. hydroxyproline. 


Table III (opposite) shows the effect of ultrafiltration on the viscosity and 
composition of the porosity-4 filtrate. Some hyaluronic acid is removed by a 
membrane with a pore size 190 my. and there is a corresponding decrease in 
the relative viscosity. As the optical density at 280 my indicates, soluble 
protein is removed by both 440 and 190 mu membranes, but there is little 
change in the viscosity on passage through the former. In the Couette 
viscosimeter the relative viscosity of homogenate varied little in the 
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TABLE III 
EFFECT OF ULTRAFILTRATION ON VISCOSITY AND COMPOSITION 
OF POOLED RABBIT VITREOUS HUMOUR 





Relative Viscosity* Hyaluronic Acid+ Optical 
Material (p=S0 sec.-!) (ug./ml.) Density} at 280 mu 


Homogenate... Fe 1-20 26-4 0-53 








Porosity-4 Filtrate ... 1-16 26:4 0-49 





440 my. Membrane 1-14 24-6 ‘ 0-33 
Filtrate 





190 my. Membrane 1-06 17-0 0-15 
Filtrate 














* Viscosity measured in Couette viscosimeter. 
+ Hyaluronic acid calculated from hexosamine determinations. 
+ Optical density measured in a Unicam spectrophotometer. 


shear rate range of 10 to 50 sec.-' There was some evidence for anomalous 
viscosity at lower shear rates, but the magnitude of the deflections was too- 
small to permit a definite conclusion. 


Discussion 

The combined-hydroxyproline content of rabbit vitreous humour cor- 
responds to a concentration of 0-13 mg./ml. of a collagen-like protein. 
This is about 40 per cent. higher than that of the ox, but in contrast to the ox 
vitreous, little of the hydroxyproline-containing material is solubilized by 
homogenization. The hyaluronic acid concentration of the rabbit vitreous 
is about one-tenth that of the ox. These facts may be relevant to the con- 
clusion we have made that the stability of suspensions of residual protein 
depends on the presence of hyaluronic acid (Woodin and Boruchoff, 1955). 


The viscosity of solutions derived from rabbit vitreous is far less than that 
of solutions from the ox. This is to be expected from the lower concentration 
of solubilized hydroxyproline and of hyaluronic acid. However the effects 
of filtration are similar. Filtration through a porosity-4 filter and a 190 mu. 
membrane successively reduce the viscosity. Analysis of the solutions 
reveals that the porosity-4 filter removes the residual protein and the 190-mu. 
membrane removes some hyaluronic acid. A membrane of larger pore size 
has little effect on the viscosity but removes some soluble protein. 


The in vivo experiments confirm the findings of Pirie (1948) that hyaluron- 
idase injections cause depolymerization of hyaluronic acid in the vitreous 
humour. Further they demonstrate that the gel structure is broken down 
by the enzyme. This is consistent with the conclusion we have drawn that 
the gel structure results from the interaction of the residual protein and the 
hyaluronic acid. 
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Summary 

Rabbit vitreous humour contains less hyaluronic acid but more residual 
protein than ox vitreous. Little of the residual protein is brought into 
solution on homogenization. Filtration of homogenized rabbit vitreous 
through porosity-4 glass filters and through 190-my. gradcol membranes 
progressively reduce the viscosity of the solution. The former removes 
residual protein and the latter some hyaluronic acid. Injections of hyaluron- 
idase liquefy vitreous gel through disaggregation of the hyaluronic acid. 


We wish to thank Mr. G. Cook for his technical assistance. 
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CASE NOTES | 
UNUSUAL CASE OF INTERSTITIAL KERATITIS* 


BY 


P. SIVASUBRAMANIAM aAnp T. HOOLE 
Eye Clinic, Government General Hospital, Jaffna, Ceylon 


THE clinical features of interstitial keratitis—a fast disappearing disease— 
are well known and so definite as to enable not only ophthalmologists but 
clinicians in general to arrive at a correct topographical if not aetiological 
diagnosis. That there are atypical forms of almost all diseases is indisputable 
and the following case report appears justifiable because of its close mimicry 
of Mooren’s ulcer, and its defiance of all forms of treatment including an 
annular lamellar keratoplasty. 


Case Report 

A married woman aged 23 first reported with a painful red eye of a week’s duration on 
November 14, 1954. She had had no previous ocular trouble but was reticent about 
previous venereal illness. 

Examination.—The appearances at the time of first examination were those of a marginal 
ulcer of the cornea commencing at the inferior limbus of the right cornea. Within a week 
of commencing treatment the marginal “ ulcer ” spread all round the limbus and centri- 
petally, undermining the cornea and producing overhanging edges. An extremely 
vascular pannus crept stealthily under the superficial layer of the cornea, segregating an 
island of superficial grey-looking cornea precariously perched on the deeper corneal 
substance. The “ ulcer” also spread towards the episcleral tissue in the neighbourhood 
ofthe limbus. The whole picture presented a sinister appearance, reminiscent of Mooren’s 
ulcer. The visual acuity at this stage was 6/60 in the right eye and 6/9 in the left 
(Fig. 1 a and 5). 





Fic. 1 (a).—Right eye showing corneal Fic. 1 (6).—Key to Fig. 1 (a). 
“ulcer” with overhanging edges typical se 
of Mooren’s ulcer. 
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At the time of hospitalization, a week after she was first seen in the clinic, the left eye 
too showed a marginal “‘ ulcer ” at the temporal limbus and the visual acuity had dropped 
to 6/12. 

Biomicroscopic examination revealed oedema of the superficial cornea, overhanging 
edges at the margins of the “ ulcer ”, and a rich pannus working its way underneath the 
corneal substance as it extended leaving in its wake a vascularized scar. The pannus 
did not extend beyond the edge of the ulcer. At no stage of the active disease was it 
possible to examine the iris, though at the commencement and after the resolution of the 
inflammation the iris was normal and there were neither residual stigmata of iritis nor 
changes in Descemet’s membrane. 

Laboratory Investigations—Blood Wassermann reaction negative on November 25, 1954. 
X ray of chest normal. 


Treatment 

(a) Medical.—Streptomycin drops 4-hrly and atropine drops twice daily were in- 
stilled. In hospital topical cortisone 1 per cent. ointment was given a trial for 2 weeks 
without benefit. Riboflavin in large doses was tried by mouth with equivocal results. 
On December 27, 1954, a course of streptomycin (total 14 g.) and iso-nicotinic acid 
hydrazide (total 1,400 mg.) was started, in the hope of attacking a probable tuberculous 
aetiology. In February, 1955, the right eye had reached a hopeless state (visual acuity 1/60) 
and the left eye was also deteriorating (visual acuity 6/18). A further course of a com- 
bined preparation of dihydrostreptomycin and tri-isonicotiny! hydrozone pyruvate 
(Streptotibine, Lepetit) was started, 1 g. daily being given intra-muscularly for 10 
days. On February 8, 1955, the patient was admitted to hospital for a keratoplasty on 

the right eye. 
(6) Surgical—aAn annular lamellar grafting was performed as follows: two cuts were 
made with 10- and 6-mm. Franceschetti trephines 
(0) so as to obtain a signet-ring-shaped graft (Fig. 2). 
This was necessary as the “ulcer” had spread 
(6) more inferiorly than elsewhere. The graft was 
te) cut with a Bock’s knife in steps by rotating the 
donor eye by small amounts. As the central 6mm. 
(¢) disc of donor cornea was required for another 
patient one had to be careful in shaping the 

annular graft. 

The recipient (right) eye was prepared by em- 
ploying 6- and 10-mm. trephines. To trephine 
the recipient eye, especially along the overhang- 
ing edges of the ulcer, was extremely difficult 

Fic. 2.—Outline of (a) limbus and site owing to the unsteadiness of the undermined 
of Pion oo an 2 Bary “edge; fringe of oedematous and friable cornea. The 
c) 0-mm. > ' area between the two trephine cuts was dissected 
rie peo yatbor ——— area Of keratec- Ji) = Desmarres’ keratoplasty knife and the 
bleeding points touched with hot probes. The 
graft was transferred to the bed and “ems by overlay sutures over egg membrane. 


Progress.—The grafted eye had a stormy course, but with antibiotics and cortisone 
topically the reaction abated. The graft had taken but was overrun by a girdle of blood 
vessels which quickly engulfed it; 10 days after the grafting the ulceration had pro- 
gressed more centripetally (Fig. 3 a and 6, opposite). The left eye was now passing 
through a phase of creeping ulceration similar to that in the right eye. Owing to domestic 
difficulties the patient left hospital but continued to attend the clinic regularly. 

In May, 1955, the visual acuity had fallen to hand movements in the right eye and 
1/60 in the left. On our suggestion she re-entered hospital on May 24, 1955 for a second 











INTERSTITIAL KERATITIS 


Fic. 3 (6).—Diamond-shaped 

island of intact cornea; two 
Fic. 3 (a).—Same eye after keratoplasty. edges below it bound a 
“Ulcer”? edge has encroached on cornea, tongue-shaped area where the 
and peripheral parts of cornea are scarred. graft has failed to take. 


graft operation on the right eye. When she was admitted an eruption on the lower 
abdominal skin and groin and a vaginal discharge were discovered. The venereologist 
reported that she had been attending his clinic for some time. Antisyphilitic treatment 
was therefore recommenced and the idea of a second operation was abandoned, partly 
because of the skin condition and partly because the aetiological agent was now disclosed. 
The corneae started clearing after 2 months and the patient was able to attend the clinic 
without a guide. In August, 1955, the visual acuity in the right eye was 6/36, and in the 
left 6/60; the corneae were clearing, the pannus had thinned appreciably, and there were 
no permanent changes in the iris or Descemet’s membrane. 


Discussion 

The vagaries of interstitial keratitis of whatever cause are well known. In 
both the syphilitic and tuberculous types the deeper layers of the cornea are 
involved. Clearing of the cornea is more thorough in the former, whereas 
permanent dense white scars appear to be the rule in the latter. The 
epithelium is not affected in either condition, and in the tuberculous type 
abscess-like infiltrates are sometimes seen (Duke-Elder, 1937). 

But for the age of the patient, a diagnosis of Mooren’s ulcer was the only 
one possible, and this was our tentative diagnosis qualified by the prefix 
“atypical”. The early clinical appearances of a grey marginal infiltrate of 
the cornea soon spreading along the limbus, and excavating the corneal 
substance, a pannus creeping centripetally, and a thickening of the episcleral 
tissue in the immediate vicinity of the limbus, are too typical for such a 
diagnosis to escape one’s mind. 

The occurrence of interstitial keratitis in a sero-negative person (in this 
instance due to previous antisyphilitic treatment) is not unusual; the corneal 
condition in this case was not a tuberculous ulceration of the cornea as there 
was no primary tuberculosis of the lids or conjunctiva. The question of a 
silent tuberculous focus was considered, because we could find no other 
incriminating cause. 
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In the absence of a definite aetiological factor and owing to the rapid 
deterioration of sight, we felt it rational to perform a keratoplasty. An 
annular lamellar keratoplasty was chosen because a central fairly normal 
cornea was still present and because we thought it would eliminate the halo 
of pannus undermining the cornea and bridge the gap between the limbus 
and the normal centre. The blood vessels threatening to invade the cornea 
were not checked by the annulus of fresh corneal tissue, however, because of 
the overwhelming nature of the pathological process. 

A lesson to be drawn from this case is that in every instance of Mooren’s 
ulcer a thorough search must be made for syphilis and tuberculosis, for this 
condition may be an atypical form of syphilitic or tuberculous interstitial 
keratitis (Koeppe, 1918). 

Conversely, there was nothing definite in this case to indicate that it was in 
fact due to interstitial keratitis. It may have been a case of Mooren’s ulcer, 
atypical only on account of the youth of the patient—for Taylor has described 
this condition in a child aged 3 (Linn, 1949). The undermined edges of the 
ulcer, a creeping pannus throwing a veil over the cornea as it extended, 
bilaterality, chronicity, and resistance to antibiotics and cortisone, are 
typical of Mooren’s ulcer, as are the absence of changes in the iris and 
Descemet’s membrane. However, the recovery of corneal clarity after such 
devastating changes is rare in Mooren’s ulcer, and rather resembles the 
pattern of events in interstitial keratitis. For this reason the patient’s 
improvement can only be attributed to the extensive antituberculous and 
antisyphilitic measures adopted. 

It is suggested that this case should be classed as an atypical form of 
interstitial keratitis with a mixed tuberculous and syphilitic aetiology, and 
that Mooren’s ulcer should be regarded as a form of interstitial keratitis and 
not as a separate clinical entity. It also seems appropriate that the condition 
termed Mooren’s ulcer should be called Mooren’s syndrome since there may 
be more than one cause for the classical clinical picture of a “ chronic 
superficial ulcer . . . which with a characteristically undermined border and 
without perforation progresses slowly and unrelentingly . . . until the whole 
cornea may be involved ” (Duke-Elder, 1937). 

The efficacy of therapy will depend on the aetiology. Corkey (1952) suc- 
cessfully treated a case of Mooren’s ulcer with riboflavin, but in this case 
we did not meet with the same success, nor did keratoplasty have any ap- 


preciable effect. 
We thank Dr, C. Weeraperumal, Medical Officer in Charge, Government General Hospital, 
Jaffna, Ceylon, for granting us permission to publish this case report. 
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SYMPATHETIC OPHTHALMIA* 


BY 
M. E. CAMERON anp D. P. CHOYCE 


Southend-on-Sea, Essex 


THE following case of subconjunctival dislocation of the lens with sym- 
pathetic ophthalmia is thought sufficiently rare to be reported. 


Case Report 

A man aged 57 was punched in the right eye on June 3, 1955. Vision was lost im- 
mediately and he was admitted as an emergency case to a hospita! in tne metropolitan 
area. He was treated conservatively, and on discharge after 11 days the right eye was 
injected and the left was normal. He reported to the Southend hospital on July 15, 1955, 
(6 weeks after injury), complaining of pain and lacrimation of 4 days’ duration in the 
left eye. 

Examination 

Right Eye.—Marked injection with the dislocated lens lying subconjunctivally in the 
10 o'clock position. Cornea clear, anterior chamber deep, iris above colobomatous, 
Retina detached laterally, disc normal, tension soft. No perception of light. 

Left Eye.—Marked ciliary injection with corneal oedema; fine keratic precipitates, 
slight flare, pupil 2 mm. reacting sluggishly to direct light, fundus normal, visual acuity 
with correction 6/9. 

Diagnosis.—Sympathetic ophthalmia: right eye exciting, left eye sympathizing. 

Treatment.—As the right eye was disorganized and functionless it was enucleated on 
July 16, 1955. The left eye was given subconjunctival mydricaine and cortisone, followed 
by local atropine and cortisone drops. Cortisone tablets, 50 mg. were given 6 hourly for 
3 days, and then thrice daily for a further 4 days. 

Progress.—The left eye lost its injection in a fortnight, and has remained normal since. 

Pathology.—The right eye showed a scleral rupture behind the limbus in the 10 o’clock 
position, through which the lens had dislocated to lie subconjunctivally (Fig. 1, overleaf). 

The ciliary body at the site of the dislocation was infiltrated by numerous collections 
of small round cells with occasional giant cells (Figs 2 and 3, overleaf), thus confirming 
the clinical diagnosis of sympathetic ophthalmia, 


Discussion 
The dislocation of the lens up and out is not as common as up and in, 
because the usual blow is directed from below and temporally. 


*Received for publication September 20, 1955. 
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Fic. 1,—Sagittal section x 2 
showing lens lying subconjuncti- 
vally with uveal: tissue protrud- 
ing through scleral rupture imme- 
diately behind limbus. 


Fic. 2,—Low-power photomicrograph, showing dense nodular collection of sma} 
round cells and occasional giant cells in ciliary body at site of scleral rupture. x 55 
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Fic. 3.—High-power of part of Fig. 2, showing one giant cell above with small 
round cells below. 


The colobomatous appearance of the iris made us think that a complete 
iridectomy had been performed, but was due to the fact that a complete 
segment of iris had been pushed forwards and up into the scleral rupture, 

The rapid response of the sympathizing eye was probably due to the 
exhibition of cortisone, since enucleation of the exciting eye is usually 
thought to be of doubtful value once its fellow is affected. 





BOOK REVIEWS 


An Introduction to Interferometry. S. ToLaNsky. 1955. Pp. 223, 126 figs (5 plates), 
bibl. Longmans, Green, London. (21s.) 


This book, intended for the undergraduate who specializes in physics, will be very 
useful to him. Even the non-expert will find the book of interest, since it covers matters 
of such general appeal as the celebrated Michelson-Morley experiment and accurate 
measurements of length. The various instruments and their basic theories are de- 
scribed lucidly and the mathematics is easy to follow throughout. 


While the reviewer regrets the omission of Cornu’s spiral from Chapter 2, he notes with 
glee that scale readings governed by mirror galvanometers can hardly be read to a greater 
accuracy than 0-1 mm. He well remembers the condescending remark made by another 
professor of physics, namely that such accurate readings could be made “ easily—with 
experience”. One reads with surprise that Rayleigh put the Fechner fraction at 0-33, 
and feels that the visibility of interference fringes might well receive some attention from 
workers in vision. The latter will also learn, perhaps with relief, that interference filters 
are now made with characteristics so desirable as to advance the demise of orthodox mono- 
chromators. 


The line illustrations are adequate, the plates superb. The book is not free from printers’ 
errors, but it is the style of writing which makes it rather difficult fully to appreciate the 
many good points of this work. Not even the long-suffering English language should be 
subjected to such trials as ‘‘ The problem of converting back from the visibility curve 
to determining the character of the original source is one of Fourier analysis”. But on 
reading “‘ There was not much basis in this view, . . .” and “* After passing respectively 
through ... tubes... and... glass plates the lens Lz brings the beams to a focus...”, 
one sighs with Maurois and wishes that, like the Church, one had “ infinite reserves of 
wisdom”. These points, however, are relatively unimportant, and the book can be 
thoroughly recommended as a valuable addition to optical literature. 


Optomotor Reflexes and Nystagmus. Edited by G. J. B. KEINER and C. Otto ROELOFs. 
1955. Pp. 224, bibl.. Nijhoff, The Hague. (40s.). 


This book contains an enormous number of clinical facts relating to individual patients 
suffering from nystagmus—mostly associated with strabismus and of congenital origin. 
From a study of the cases, which are divided into no less than six different groups, 
nystagmus is considered to be due to a too low or asymmetrical gaze tonus. In many 
cases the disturbance of the gaze tonus is thought to be due to a disturbance in the develop- 
ment of the conjugated optical fixation reflexes, i.e., to a too low or asymmetrical fixation 
tonus. 


The authors conclude that in some cases a developmental disturbance in the occipital 
cortex is involved. 

The book contains some valuable information, but it is difficult and exhausting to read 
because there is so much needless repetition and because so many cases are quoted in full 
detail to illustrate one particular clinical entity. 
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The lack of any index detracts greatly from the value of the book, although there is an 
excellent list of references. 

There are one or two mistakes, such as the reference to “ binocular visual acuity ” in 
Case 32, p. 85, relating to a case of constant convergent squint. Presumably the authors 
mean “ visual acuity with both eyes open ”, and some rather clumsy words are used, such 
as “ emmetropizations ” on p. 122. 

This is certainly a valuable contribution to the literature on the subject of nystagmus. 


NOTES 


IRISH OPHTHALMOLOGICAL SOCIETY 
Annual Meeting, 1956 


Tue Irish Ophthalmological Society will hold its annual meeting in Dublin on May 
10, 11, and 12, 1956. The Montgomery Lecture will be delivered by Dr. M. E. Alvaro 
(Brazil) on May 10 in Trinity College, Dublin. 


LATIN SOCIETY OF OPHTHALMOLOGY 


THE Second Convention will be held in Madrid on April 24 to 28, 1956, under the joint 
presidency of Professor Dr. Buenaventura Carreras, Dr. H Arruga, Dr. Diaz Caneja, 
Dr. Lopez Enrique, and Dr. Perez Llorca. 


The topics for discussion will include ‘‘ The Use of Acrylic Material in Ophthal- 
mology”; “‘ Surgery of the Lacrimal Apparatus and Eyelids”; ‘“‘ Application of the 
Acrylic Lens”; ‘‘ Contact Lenses”; ‘‘Intracorneal Plastics ”’. 


The secretary is Dr. C. Costi, and the assistant secretaries Dr. L. Mier, Dr. Carreras 
Matas, and Dr. M. Aguilar Bartolome. All communications should be addressed to the 
Secretary at 10 Paseo del Rey, Madrid, before February 29, 1956. 


OBITUARY 


LIONEL VERNON CARGILL 


L. V. CARGILL, who died at Highlands Heath, Putney, on December 13, 1955, aged 89, 
was born on June 27, 1866, and educated at King’s College School, London, whence 
he matriculated at the University of London in July, 1884, being awarded the Salter’s 
University Exhibition. Many years later he became Chairman of the Board of Governors 
of King’s College School, now at Wimbledon. 


In October, 1884, Vernon Cargill entered the Medical Department of King’s College, 
Strand, and in 1887 he began his clinical studies at King’s College Hospital. He received 
the Carter Gold Medal and many prizes, and in 1889 was the senior scholar of his year and 
was awarded Sir Joseph Lister’s Clinical Surgery Prize. In April, 1890, after passing ex- 
aminations for the M.R.C.S., L.R.C.P., and L.S.A., Cargill came under the influence of 
M. M. McHardy, professor of ophthalmic surgery at King’s College and ophthalmic 
surgeon to King’s College Hospital, who appointed him his clinical assistant at King’s 
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College Hospital and also at the Royal Eye Hospital; it was mainly through the advice and 
influence of Professor McHardy that Cargill subsequently decided to take up the study and 
practice of ophthalmology. On November 1, 1890, Cargill was appointed house surgeon 
to Professor Sir Joseph Lister (later Lord Lister) at.King’s College Hospital. In 1892 he 
was made F.R.C.S. and in 1893 he became house surgeon and surgical registrar at the 
Royal Eye Hospital, but in 1894 he returned to King’s College Hospital where he had been 
appointed Sambrooke Surgical Registrar. In 1896 he returned to the Royal Eye Hospital 
as assistant surgeon, and 3 years later was appointed assistant ophthalmic surgeon at 
King’s College Hospital and ophthalmic surgeon to the Dreadnought Seamen’s Hospital, 
Greenwich. 


During the South African War he served as ophthalmic surgeon to the Imperial 
Yeomanry Hospital in South Africa and was awarded a Medal and Clasps; on his return 
to England he resumed his duties at King’s College Hospital and at the Royal Eye 
Hospital. At the outbreak of the 1914-1918 war Cargill was appointed honorary con- 
sultant for diseases of the eye in the military hospitals in London, and he took charge of the 
ophthalmic beds at the Fourth London General Hospital, located at Denmark Hill; he 
was awarded the Red Cross War Medal. 

Vernon Cargill served on the Councils of the Ophthalmological Society of the United 
Kingdom and the Oxford Ophthalmological Congress, and was an examiner for the 
diploma in ophthalmology at Oxford. He was a fellow of the Royal Society of Medicine, 
and the Medical Society of London, and King’s College, London. 


In 1930 he took part in the annual meeting of the “* Pacific Coast ’” Oto-ophthal- 
mological Society at Victoria, British Columbia, and represented King’s College Hospital 
Medical School at the formal opening of the Banting Institute, University of Toronto. 


In 1931 he retired from the active staff of King’s College Hospital; he was then ap- 
pointed emeritus lecturer on ophthalmology in the medical school and honorary con- 
sulting ophthalmic surgeon to the hospital. He was appointed consulting surgeon to the 
Royal Eye Hospital, and elected chairman of the council, a post which he held until 1948. 
He also became consulting ophthalmic surgeon to the Dreadnought Seamen’s Hospital, 
Greenwich. 

He had been a member of the court of the Society of Apothecaries of London and was 
master of the society in 1939-1940. He had also been vice-president and treasurer of the 
Board of Registration of Medical Auxiliaries. 

Cargill’s long life extended over the Victorian and Edwardian periods and the turbulent 
years of two world wars. He played his part in the transformation of ophthalmology 
from a minor branch of general surgery into an independent and significant specialty. 

In the early years of his association with the Royal Eye Hospital, his wide experience and 
technical skill coupled with a keen and searching mind made him one of the most out- 
standing members of the honorary staff, and more recently was a valuable elder statesman, 
being chairman of the council for 17 years. 

In 1897 Vernon Cargill married Miss Emma Sherwood, the only daughter of the late 
William Sherwood; she died in 1951. There are three daughters of the marriage. 


WILLIAM JOHN CROZIER 


PROFESSOR WILLIAM J. CROZIER, who occupied with great distinction the Chair of General 
Physiology at Harvard University, died on November 2, 1955. Professor Crozier was a 
research worker of great authority on visual problems, particularly those associated with 
the fundamental processes by which light stimulates vision. He was well known in Great 
Britain, and particularly at the Institute of Ophthalmology in London. 
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COMMUNICATIONS 


SECTORAL DISTRIBUTION OF GONIOSYNECHIAE* 


BY 


CALBERT I. PHILLIPS 


From the Glaucoma Clinic, Institute of Ophthalmology, University of London 
Director of Research: Sir Stewart Duke-Elder 


Ir is the general opinion that, in eyes suffering from closed-angle glaucoma, 
goniosynechiae are not uncommon, especially if such eyes have had an acute 
or sub-acute attack of hypertension. The present investigation has been 
undertaken to ascertain whether these goniosynechiae are distributed at 
random round the angle or, as clinical impression suggests, tend to occur 
more in the upper than the lower half; it includes a similar survey of closed- 
“angle glaucoma in the chronic phase and of simple glaucoma. Barkan 
_ (1938) mentioned that peripheral anterior synechiae tend to occur first 
- superiorly in the angle. 


Material 


_ The observations made by gonioscopy are recorded for every patient attending 
the Glaucoma Clinic at the Institute of Ophthalmology. These patients come 
Mainly from Moorfields, Westminster and Central Eye Hospital, although some 


are sent from other sources. They are often problem cases and are referred for 
_ assessment by special investigations such as outflow tests which are difficult to 
_ arrange in a busy out-patient department. This sample is not therefore selected 


= at random from London’s glaucoma population but bias which may be present 
| an hardly affect these gonioscopy records. 


Method 
The case-sheets of the first 1,600 patients who have attended the Glaucoma Clinic were 


j examined. Their diagnoses include glaucomas of all kinds, some doubtful cases, and 
_ some “not glaucoma”. For the present purposes, only those patients definitely in the 
- following three diagnostic categories were selected: 


(a) acute closed-angle glaucoma; its pre-glaucomatous stage; the quiet phase 
following an acute “‘ attack” if it had resolved without surgical intervention; 

(6) chronic closed-angle glaucoma; 

(c) simple glaucoma. 


No eye with goniosynechiae was included if there had been a history of previous opera- 


. _ tion, perforating injury, or inflammation. If any doubt existed about the presence 


of synechiae, or if (as in a few cases) no specific note vas made of their actual position, 

these eyes were excluded. 

' When records of a suitable case were found, the presence of a synechia in a given sector 
of the angle was indicated by a dot in the appropriate part of a concentric histogram 





*Received for publication December 5, 1955. 
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(Fig. 1). For example, if, on the gonioscopy case-sheet, was recorded ‘“ synechiae 
between ten and two o’clock ”’, then a dot was placed in the sector corresponding to each 
of the 10, 11, 12, 1, and 2 o’clock positions; the radial lines from the centre of the clock 
face cut the circumference at each half-hour. The next suitable eye in the same diagnostic 
category was treated in the same way and credits were made in the same diagram, the 
composite histograms for right and left eyes being kept separate. For the purposes of 
this survey it was unnecessary to differentiate between a small synechia and extensive 
synechiae within a given sector, a single credit being placed on the diagram in each case. 
Since none of these eyes was examined by the writer, observational bias cannot render 
the results nugatory. 
Diagnostic Criteria and Terminology 
_.. . The usual methods of investigation (excluding tests used for research purposes) are as 
follows:.-history, “both. general: medical-and. ophthalmological; clinical examination (in- 
* cluding réfraction and ‘bid-mi¢roscopy); scotometry, campimetry, gonioscopy, and 
tonometry; provocative tests (dark-adaptation and water-drinking); outflow tests (tono- 
graphy or bulbar pressure). 

Very few eyes with closed-angle glaucoma were examined in the acute hypertensive 
state. Accordingly, most of the cases included in Group a had previously suffered an 
episode of hypertension which had resolved without operation, or had experienced the 
recurrent premonitory symptoms of a rise of tension, and/or had shown positive results 
with provocative tests. 

“* Chronic closed-angle glaucoma ” (Group 5) includes eyes which have usually narrow, 
almost completely occluded angles, and a tension which is constantly raised or seldom 
normal. The end-stages often resemble those of simple glaucoma clinically, but the 
history and gonioscopy findings are usually enough to differentiate the two. It cannot 
be denied, however, that some of these cases must have true chronic simple glaucoma 
combined with an inherited narrow angle (Térnquist, 1953), or must suffer from both 
diseases. 

The term “ simple glaucoma” (Group c) needs no further definition. 

All doubtful cases have been excluded, so that the total number in the survey does not 
indicate the true proportion of closed-angle glaucoma in the 1,600 case histories examined. 


Results 
(a) Closed-angle glaucoma in its acute, pre-glaucomatous, or quiet phases.— 
The composite histograms for these cases are presented in Fig. 1 (opposite). 
The mean incidence of goniosynechiae per sector in the right eye is 11 and 
in the left 15-3. If the risk of each sector’s developing a synechia were equal, 
then the sectoral incidence should not vary significantly from that mean. If 
this null hypothesis be appliéd to the data in Fig. 1 in the form of the x? test 


O —-EY 
(?=3 ( 3” ; Brownlee, 1949), it is clear that the variation in frequency 


per sector is extremely unlikely to be found by chance*. 


(b) Chrenic closed-angle glaucoma.—The composite histograms for these 


cases are presented in Fig. 2 (opposite). 
In both right and left eyes the distribution of goniosynechiae is probably 


randomt. 





* For the right eyes, X? = 42; n = 11; P much <0°01; 
for the left eyes, x2 = 23-9; n= 11; P < 0-02. 
+ For the right eyes, X* = 1°86; n = 11; P > 0°99; 
for the left eyes, X* = 4:41; n= 11; P > 0°95. j 
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Fic. 1.—Sectoral distribution of goniosynechiae in closed-angle glaucoma in acute, 
pre-glaucomatous, or quiet phases. Composite histograms for 20 right and 27 left 
eyes. Figures in each sector of the clock face indicate total synechiae found therein. 
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Fic. 2.—Sectoral distribution of goniosynechiae in chronic closed-angle glaucoma. 
Composite histograms for 11 right and 10 left eyes. Figures in each sector 
indicate total synechiae found therein. 


At first sight it is surprising that the tendency for goniosynechiae to occur 
superiorly is not evident in this type of case; wide areas of synechiae above 
and none at all over a small area below might be expected. The temptation 
to conclude that these eyes, although having narrow angles, had no sectoral 
variation in the depth of the angle should be resisted. This fallacious con- 
clusion is due to the method of recording, which allots a credit to a sector 
whether a synechia is narrow or broad. Re-examination of the gonioscopy 
records from the standpoint of the distribution of open areas of the angles 
reveals that gaps tend to occur more often and over larger areas inferiorly. 
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(c) Simple glaucoma—The meaning of the term “ goniosynechia ” 
applied in cases of simple glaucoma in the absence of previous injury, oper- 


ation, or inflammation, will not be defined. For the purposes of this 
investigation, eyes in which observers have recorded “ synechiae” have 
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Fic. 3.—Sectoral distribution of goniosynechiae in simple glaucoma. Composite 
histograms for 25 right and 24 left eyes. Figures in each sector indicate total 


synechiae found therein. 
The “ goniosynechiae * in the right eyes are probably distributed at ran- 
dom, as also may be those in the left, but in the latter there is a definite 
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tendency to favour the upper segments, although it is far from the usually 
required 95 per cent. level of statistical significance*. Perhaps the study of 


more cases would decide the issue. 


Discussion 

The tendency for goniosynechiae in closed-angle glaucoma to occur in the 
upper parts of the angle is doubtless associated with the increased shallowness 
of the narrow angle in that region. The possible causes of this anatomical 
peculiarity and its significance are discussed in the following article (Phillips, 
1956). 

Fig. { shows that there is a tendency for the temporal side to show a slight 
excess of synechiae over the nasal. in other words, if the totals in each nasal 
sector are subtracted from those in each opposite temporal sector, and the 
differences are summed, a positive quantity remains. In order that maximum 
possible numbers might be obtained, a combination of right and left eyes was 
made. The simplest method would have been to add the totals in the cor- 
responding sectors of the two parts of Fig. 1 (no proof is offered for the as- 


sumption that the two eyes are mirror-images in respect of variations in 
numbers of synechiae, etc.). However, the objection might be raised that 





* For the right eyes, ake = 3 573 n= milli 2 > 0-90; 
for the left eyes, K* = > 9-79. 
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each eye included in the analysis would not then be as independent as 
possible of all others, since two eyes in one patient are more likely to be 
similar than two eyes belonging to two different patients. Accordingly, 
in bilateral cases, one eye was excluded; the left eye in the odd numbers on the 
list, and the right eye in the even numbers. Although there are objections 
to this method of random sampling, they seem to be fewer than those which 
could be made to other methods. 

The data thus obtained are presented in Fig. 4, which again shows a 
tendency for synechiae to favour the temporal side. The right and left data 
have been combined to correspond with a single right-sided eye. 


Tempora) 


Side 


Fic. 4.—Closed-angle glaucoma in acute, pre-glaucomatous, or quiet phases. 
Total synechiae in each sector for right and left eyes combined (Arabic numerals), 
the sectors corresponding to those of a clock face being indicated by Roman 


numerals. The combination has been made to correspond with a single “ right- 
si eye. 


Inspection of Fig. 4 suggests that there is one axis round which asymmetry 


will be maximum, and another, at right-angles, round which symmetry may 
ve reasonably expected. 1t may be noted here that this does not necessarily 
mean that the orientation of the lens is the cause, although that is a 
tempting assumption. 

By trial and error, it is found that the axis on the two sides of which 
there is the greatest difference in the numbers of synechiae runs from 8.30 
to 2.30 o’clock (AA in Fig. 4). This axis is not quite horizontal, the nasal end 


being higher than the temporal end. The mean of the differences between 
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paired sectors on each side of that axis is “significant” at the P <0-01 
level (t=4+268; see Table for principle of analysis). 

The inaccuracies of the method of observing and recording the synechiae 
render this axis-finding very approximate; thus, although one synechia 
may have occurred at, say, 8.45, and one at 9.15 o'clock, each is allotted to 
the 9 o’clock sector. 

An axis of maximum symmetry may be found similarly. This line on 
the two sides of which paired sectors show least inequality in numbers of 
synechiae, runs from 11.30 to 5.30 o'clock (BB in Fig. 4); this axis is not 
quite vertical, its upper end being slightly to the temporal side of 12 o’clock 
on the limbus. The statistical treatment of this axis of symmetry is much 
easier than that of the axis of asymmetry. ‘The Table shows the sector totals 
taken from above downwards on each side of the [1.30 to 5.30 o’clock axis. 


TABLE 


The totals of goniosynechiae from the sectors in Fig. 4. The Roman numerals indicate the 


sectors on the clock face from which come the totals of the goniosynechiae represented by the 
immediately preceding Arabic numerals. The test for symmetry is being applied to the axis 11.30 


to 5.30 o'clock, to which “ Temporal” and “* Nasal” refer. 





Temporal | Nasal | Differences 
: - (Temporal—Nasal) 
No. of Synechiae | Sector | No. of Synechiae 


Xl 25 0 


X 24 0 
18 —4 








1x 
VIII 12 0 
VII 43 
| VI Be | 





Total Differences... ye x8 Sa ae a —3 





This axis just fails by three synechiae to be exactly symmetrical, the 
slight excess belonging to the nasal side. Comparison of the nasal and 
temporal sides of the line joining 12 and 6 o’clock (assuming that the totals 
25 and 5 respectively are bisected) shows a discrepancy of seventeen synechiae 
favouring the temporal side. The conclusion seems reasonable that the 
upper end of the true axis of symmetry lies somewhere between 11.30 and 
12 o’clock, slightly nearer the former than the latter. 

The difference —3 (see Table) is not statistically significant, as would be 
expected, even at the 90 per cent. level. Applying the ¢ test to the mean of 
the differences (cf. difference of the means) shown in the Table, we have 
t=0-637 and P much > 0-10. If the ¢ test be applied to the 12.30 to 6.30 
axis, P < 0-01, whereas P < 0-02 in the case of the 10.30 to 4.30 axis; these 
results tend to confirm the impression that the upper end of the axis of 
symmetry lies to the temporal side of 12 o’clock. 

On the basis of the ¢ test, which is the simplest analytic method to apply to 
these data, all we are justified in saying is that the axis of symmetry, if the 
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possibility of its existence be admitted, runs from a point somewhere between 
10.30 and 12.30 o’clock to a diametrically opposite point on the limbus, 
A discussion of the significance of these findings for closed-angle glaucoma 


is reser.od for the subsequent article (Phillips, 1956), wherein are described 


the gonioscopic appearances of actual cases. 


Summary 


It has been shown that goniosynechiae are not distributed at random 
round the angle in cases of acute and “ sub-acute ” closed-angle glaucoma, 
but tend to occur mainly above, the highest incidence being probably a 
little to the temporal side. This peculiarity has not been statistically 
“proved” to occur in cases of chronic closed-angle glaucoma or of simple 
glaucoma, but the same tendency probably exists in these eyes. 
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CLOSED-ANGLE GLAUCOMA* 
SIGNIFICANCE OF SECTORAL VARIATIONS IN ANGLE DEPTH 
BY 


CALBERT I. PHILLIPS 


From the Glaucoma Clinic, Institute of Ophthalmology, University of London 
Director of Research: Sir Stewart Duke-Elder 


THE authors of the published work on the subject of closed-angle (congestive) 
glaucoma are agreed that, although unstable vascular or nervous systems may 
exist in the patients and play a part of undetermined importance in the 
disease, the vast majority of affected eyes show an inherited shallow anterior 
chamber (Térnquist, 1953), and a forward ballooning of the iris produced by 
resistance to the flow of aqueous between lens and iris. This resistance is 
due to the close contact between these two structures imposed on them by 
the forward position of the anterior surface of the lens. As the years pass 
and the lens increases in size, so the ballooned iris is pushed forwards and 
its periphery gradually approaches the trabeculae; an “ attack of glaucoma ” 
may occur as a result of pupillary dilatation, a change in position of the 
iris root, a change in the curvature or position of the lens, or any factor which 
alters the pressure on the two surfaces of the iris so that it is pushed, or pulled, 
on to the trabeculae over a wide enough area to embarrass drainage of the 
aqueous humour. It is also generally agreed that a peripheral iridectomy, 
or even an iridotomy, will relieve the symptoms by allowing the aqueous to 
by-pass the pupil so that the angle will open as the iris bombé disappears: 
the classical broad iridectomy achieves the same result but adds an unneces- 
sary trauma to the sphincter pupillae. 

Evidence has been adduced to show that goniosynechiae in closed-angle 
glaucoma occur especially in the superior half of the angle of the anterior 
chamber (Phillips, 1956), a finding which confirms the clinical impression 
that the angle is almost invariably shallower above than below. Barkan 
(1936, 1938) has observed that both the normal and the narrow angle show 
this phenomenon and suggests that it may be due to the weight of the column 
of aqueous in the anterior chamber. Frangois (1955) also remarked this 
anatomical peculiarity. The purpose of this communication is to draw 
attention to the phenomenon and to discuss the part it plays in the natural 
history of closed-angle glaucoma. 


Irido-Corneal Contact 
Fig. 1 (opposite) is a drawing of the angle of an eye which shows the 
variation in depth of its angle. 
i, *Received for publication December 5, 1955. 
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Case 1, a woman aged 37, had noticed in her right eye intermittent, very transient 
haloes accompanied by discomfort and blurring of vision for 3 years. This right 
eye gave a markedly positive dark-room test, and it is reasonable to conclude that 
it was in the pre-glaucomatous stage of closed-angle glaucoma. 

Even if allowance be made for the fact that pigmentation occurs more markedly 
below, thus making the trabeculae more easily visible in this region, it is obvious 
that no trabeculae can be seen above, where the iris, at least in the twelve o’clock 
position, is in contact with the cornea. This is the usual finding in eyes in the 
prodromal stage of closed-angle glaucoma. If the contact covers the whole 
antero-posterior extent of the trabeculae in this region, drainage of aqueous will 
be greatly impeded, if not completely prevented. If the angle is traced downwards 
nasally and temporally, it is difficult to define an exact point where contact between 
iris and cornea is lost. In Fig. 1 this does not seem to have occurred before the 
3 and 9 o’clock positions have been reached, so that only the lowermost part of the 
angle is available for drainage. The history suggests that this eye has reached the 
dangerous stage where a slight increase in the area of the trabeculae covered by 
the iris will result in a rise of tension. 


Fic. 1.—Gonioscopic appear- 
ances of the right eye of Case 
1, a woman aged 37, who had 
the premonitory symptoms of 
closed-angle glaucoma. The 
angle is almost certainly closed 
above but is open below; 
nasally and temporally it is 
extremely narrow, if not closed. 


Irido-corneal contact in the upper quadrants is such a very common 
finding in eyes predisposed to closed-angle glaucoma, even when only the 
earliest premonitory symptoms are present, that the following conclusions 
seem justified : 

(a) The irido-corneal contact starts, superiorly, long before even the premonitory 
symptoms appear. 

(b) The area of contact spreads slowly downwards, nasally and temporally, as 
the lens increases in size with increasing age, to cover more and more of the 
trabeculae. Although the process is one of steady advance, it seems likely that the 
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total area occluded varies slightly from hour to hour and minute to minute, 
depending on the many factors influencing the position of the iris in relation to 
the trabeculae, especially those affecting the pressure difference on the two sides of 
the iris diaphragm; physiological or pathological changes in the ciliary body or 
in the position, size, and shape of the lens may play a part. As the remaining 
amount of angle allowing drainage of aqueous becomes reduced to a critical level, 
so these minor (physiological?) variations will, more and more often, cause the 
irido-corneal contact to extend beyond the limit and the premonitory symptoms 
of closed-angle glaucoma will appear. If the status quo is soon restored, the sub- 
acute “ attack” of glaucoma resolves; if not, rising tension and increasing con- 
gestion will become established. 


Smith (1954) has described the “ on-off phenomenon ” in closed-angle 
glaucoma; the angle is seen to open and close as the pupil contracts and 
dilates on exposure of the eye to a slit-lamp beam which can be quickly 
switched on and off. This phenomenon would be expected to occur only at 
the edge of advancing irido-corneal contact. 

One of the results reported by Higgitt and Smith (1955) on a reading test, 
which is sometimes positive in closed-angle glaucoma, lends support to the 
view that the lower part of the angle is of prime importance. One of their 
patients (Casel; see their Fig. 1), who showed a rise of intra-ocular pressure 
when reading in the supine position, added more than 10 mm. Hg to that 
rise when he sat up. This finding is not surprising, for Hess (1896) has 
shown that, after the ciliary muscle contracts in accommodation when the 
visual axes are horizontal, the lens sinks downwards. 

The clinical differentiation between goniosynechiae, in the sense of per- 
manent organic adhesions in the angle, and mere contact of iris and cornea 
is important but difficult in the narrow angle. On it, mainly, will depend 
the decision for either peripheral iridectomy or drainage operation. A 
previous history of an acute hypertensive episode or of many sub-acute 
rises in tension is often of more help in making the choice than the objective 


appearance of the angle. The absence of a well-defined edge to a broad. 


expanse of synechiae (the change from mere contact between iris and cornea 
to definite open-ness of the angle is likewise imperceptible), and the absence of 
the normal obtuseness of the angle between the plane of the iris and that of 
the cornea, make the differentiation often impossible. 


Effect of Peripheral Iridectomy on Depth of Anterior Chamber 

The difference in the gonioscopic picture before and after peripheral 
iridectomy is striking, especially when the upper part of the angle has been 
occluded by contact between the iris and cornea. The opening of the angle 
which results from the operation is accompanied by an increased depth of 
the anterior chamber; no objective investigation has been published to show 
whether this is due to a sinking backwards of the iris alone (the usually 
accepted explanation) or to a change in position of the lens. 


Case 2, a man aged 43.—Measurements of the depth of various parts of the 
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anterior chamber were made before and after peripheral iridectomy. The method 
of Jaeger (1951) was used, although it is less suitable than that of Térnquist (1953). 
Goniometry (Gradle and Sugar, 1950) would not have yielded the necessary 
evidence. The central region along the visual axis is susceptible of accurate 
measurement; to find the depth more peripherally by this technique, points were 
chosen on the 3, 6, and 9 o’clock meridians mid-way between the pupil and the 
limbus, the pupil being approximately the same size throughout. The mid-points 
were judged merely by inspection, and the patient’s gaze was so directed that the 
slit-lamp beam fell on them, no adjustment having been made after the setting for 
the central area. 

The results in Case 2 are presented in Fig. 2, where it will be seen that the depth 
of the anterior chamber in the pupillary area remains almost the same before and 
after operation, whereas over the iris it increases markedly. In support of the 
contention that the position of the lens is the same before and after operation 
may be adduced the fact that the refractive error remained almost identical 
throughout, there being a slight change in the orientation of a +-0-50 cylinder. 


Pre-operative Post-operative 


Fic. 2.—Right eye of Case 2,a man aged 43. The numerals indicate depth, in milli- 
metres, of anterior chamber centrally and half-way between pupil margin and limbus. 
Inner rings indicate the pupil margin, outer rings the limbus.. The operation was 
peripheral iridectomy. 

The calibrations on the instrument allow the depth of the anterior chamber 
to be expressed in units which are only approximately millimetres; no matter 
how arbitrary the units of measurements, however, the differences are of 
undiminished importance. The technique has, of necessity, a small experi- 
mental error; each depth recorded was the mean of three separate readings of 
the instrument, and the greatest of the three pre-operative readings was in 
no case near the least of the three post-operative ones, so that the differences 
found are most probably real. On the other hand, the fact that the increase 
in the depth of the anterior chamber after operation is very slightly less at 
6 than at 3 and 9 o’clock could well be attributed to experimental error. 
Ideally, of course, a series of eyes should be examined and the results 
statistically analysed. 

This patient’s left eye had previously had an iridectomy for an acute attack 
of closed-angle glaucoma, and his symptoms, as well as the results of provoca- 
tive tests, showed that the right eye had a similar predisposition. 
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In order to establish that the iridectomy need not be done only at the 12 
o’clock position to produce an increase in the depth of the angle all round, 
iridectomy was done, in this case, at the 10 o’clock position. The angle 
widened all round and contact was lost between iris and cornea above as 
well as elsewhere, with the exception of two extremely small synechiae in the 
1 o’clock region. The operation relieved the patient’s symptoms. 


Causes of Sectoral Variations in Angle Depth 
The factors producing the differences in depth of the various sectors of the 
angle and the uneven distribution of synechiae must be considered. The 
possible causes are: 


(1) Sectoral differences in the position of origin of the iris from the ciliary 
body. 

(2) Unequal differentiation of sectors of the angle during development. 

(3) Orientation of the lens. 

(4) Decentration of the pupil. 

(5) Uneven peripheral flattening of the cornea. 


The first possibility is based on a suggestion by Busacca (1945), but it has 
not been recorded as accompanying the variations in size known to occur in 
different segments of the ciliary body (Wolff, 1954). 

It seems unlikely that an abnormality in differentiation of the angle during 
development may account for the variations in its depth, because no evidence 
for an unusual amount of residual tissue supero-temporally (or a prolifera- 
tion—Allen, Burian, and Braley, 1955) can be seen gonioscopically when the 
angle is open. It is interesting to note in this context that the usual eccen- 
tricity of the pupil in cases of congenital corectopia is above and lateral to 
its normal site (Duke-Elder, 1938d). 

If the orientation of the lens were the sole explanation, then it must be 
rotated round an axis running from 8.30 to 2.30 o’clock (in a right eye) on 
the limbus, the upper part of the equator being the more anterior. In 
fact, optical experiments have shown that, although a forward tilt of the 
upper border of the lens does occur, it is slight and inconstant, and that the 
temporal border always lies behind the nasal border (Duke-Elder, 1938a). 
Helmholtz (1924a) is in agreement with this observation when he states that 
the optical axis of the lens meets the cornea at a point that lies outwards and 
a little downwards from the ophthalmometric axial point, and that the axis 
of the lens passes to the nasal side of the centre of curvature of the cornea. 
The axis of the lens, according to Tscherning (1920), lies as much as 0-25 mm. 
above the centre of curvature of the cornea. The lens is also decentred 
nasally so that the circumlental space is narrowed in this region (Duke- 
Elder, 1938b). The slight tendency for goniosynechiae to occur more on 
the temporal than the nasal side (Phillips, 1956) is not in accord with the 
fact that the temporal border of the lens is behind the nasal border; the 
preponderance of goniosynechiae in the upper part of the angle is more 
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marked than would be expected on the basis of a “ slight and inconstant ” 
forward tilt of the lens. 

The known decentration of the pupil nasally in relation to the optic axis 
might be expected to result in a greater radial extent of the iris temporally 
and therefore in greater ballooning there than elsewhere. The narrowness 
of the angle above cannot, however, be explained on that basis. 

Uneven peripheral flattening of the cornea seems to be the explanation 
which is in accord with most of the facts. The nearest approach to an axis 
of symmetry of the cornea “ is in a direction about 5° temporal and slightly 
below the axis of the eye ’” (Duke-Elder, 1938c). The distribution of gonio- 
synechiae in closed-angle glaucoma has been found to have a similar axis of 
symmetry (Phillips, 1956), which runs from 11.30 to 5.30 o’clock on the 
limbus (in a right eye). And this axis of symmetry, like the corneal astig- 
matism with the rule in the central area, may in turn be explained by, or 
associated with, the pressure of the upper lids and especially by the fact that 
the widest part of the palpebral aperture lies nasal to the centre of the cornea 
when the eyes are in the primary position; thus the pressure of the upper lid 
flattens the upper temporal area more than the upper nasal area. Helmholtz 
(1924b), however, states that the nasal region is affected more than the 
temporal region by peripheral flattening of the cornea. 


Implications of Sectoral Differences in Angle Depth 

It seems likely that the vertical orientation of the oval pupil in an acute 
attack of closed-angle glaucoma results from the shallowness of the anterior 
chamber superiorly. s 

Case 3, a woman aged 53, had previously (in 1947) suffered an acute attack of 
closed-angle glaucoma in the right eye; the shape of the pupil has not materially 
altered since the acute attack which responded to intensive miotic therapy. Fig. 3 
shows the normal left eye and the affected right eye. 


right lefe 


Fic. 3.—Affected right eye and normal left eye of Case 3, a woman aged 53. The great 
shortening of the iris at 12 o’clock has eliminated the pupillary block and therefore 
the iris bombé, thus producing resolution of the acute closed-angle glaucoma. 





Sie ogg ff sagittis" nesumtianties  repatiaamte a 


CALBERT I. PHILLIPS 


Fic. 4.—Gonioscopic appear- 
ances of right eye of Case 3, 
which had an acute closed- 
angle glaucoma in 1947 which 
resolved on intensive eserine. 
Angle completely closed above 
but widely open below. Note 
absence of iris bombé (cf. 
Fig. 1). 


The gonioscopic picture of the right eye, shown in Fig. 4, is very similar to that 
seen in Fig. 1, with the important exception that there is no actual ballooning of 
the iris. Measurements show that the pupillary dilation is most marked in the 
superior region, where the distance between pupil margin and apparent limbus 
is 42 per cent. of that in the normal left eye, whereas the proportions for the 
nasal, 6 o'clock, and temporal meridians are 83, 83, and 76 per cent. respectively. 


Presumably, at the onset of the acute attack, the contact between iris and cornea 
had extended so far round the whole circumference of the angle as to start the 
series of events culminating in an acute episode of glaucoma. Next, the pupil 
would become vertically oval, as well as semi-dilated, and the sector of the iris at 
12 o.clock would become especially shortened. There, evidently (Fig. 4), the 
irido-cornea) contact became quickly converted into a permanent adhesion. The 
shortening at 12 o’clock must have been great enough to cause the sphincter to 
ride so far upwards and backwards over the surface of the lens that the resistance 
to the flow of aqueous through the pupil in that region became negligible, with the 
result that free communication between posterior and anterior chamber was 
established there, albeit at the expense of dense synechiae in the 12 o’clock region. 
This free communication would immediately produce flattening of the iris bombé, 
thus opening the angle in all areas except superiorly. The eye has therefore 
succeeded in performing upon itself what would correspond to a central iridectomy. 
Outflow is now well within normal limits (“ ¢ ”—0-20). It is surprising that more 
cases of acute closed-angle glaucoma do not resolve in this way. 


Summary 
Attention is drawn to the fact that the angle of the anterior chamber is 
shallower above than elsewhere. It is suggested that, in eyes which are in 
danger of ultimately developing closed-angle glaucoma, irido-corneal 
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contact starts above long before there are any symptoms, and progresses 
slowly downwards as the lens increases in size with age. When the free 
angle becomes reduced nearly to the critical amount for adequate aqueous 
outflow, the premonitory symptoms are produced by transient increases in 
the area of trabeculae covered by iris. Provided that there has been no 
inflammatory reaction in iris or cornea, this contact superiorly may remain 
for years without being converted into permanent synechiae. These new 
conceptions make it easier to understand total closure, and hence acute 
closed-angle glaucoma, resulting from sudden occlusion of the small amount 
of residual angle left open below. 

Measurements of the depth in various parts of the shallow anterior chamber 
before and after peripheral iridectomy have shown that, while the lens re- 
mains stationary, the iris sinks backwards away from the cornea. 

It is suggested that the main factor causing the anterior chamber to be 
shallower above is greater peripheral flattening of the cornea in that region. 
This, in turn, may be due to pressure of the upper lid. 

A case history is described as an example of the occasional resolution of a 
closed-angle glaucoma by marked shortening of the superior segment of the 
iris. The aqueous is thus allowed to escape through the pupil at 12 o’clock 
thereby eliminating the iris bombé. The vertically ova) pupi) in acute closed- 


angle glaucoma may be an “ attempt ” by the congested eye to achieve this 


state. 


The clinica) details of patients have been made available for publication by the kind permission 
of Sir Stewart Duke-Elder, Mr. A. J. B. Goldsmith, and Mr. Harold Ridley; their helpful criticism 
in the preparation of this paper is gratefully acknowledged. 


I wish to record my thanks to the staff of the Department of Medical Illustration, Institute of 
Ophthalmology for producing the drawings (Mr. T. Tarrant) and photographs (Dr. Peter Hansell 


and Mr. N, Jeffreys). 
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MACULAR CYSTS: A DOMINANTLY INHERITED 
AFFECTION WITH A PROGRESSIVE COURSE* 


BY 


ARNOLD SORSBY, MARY SAVORY, and J. B. DAVEY 


Royal Eye Hospital and Royal College of Surgeons 


AND R. J. LESLIE FRASER 
Carlisle 


“ FIOLEs ” at the macula are now generally assumed to be cysts in the central 


area—in the same way as crater-like “ holes ” of the disc are recognized as 
glial cysts at the nervehead. The cystic character of these holes is fairly 
obvious on ophthalmoscopic examination in some cases, and has been proved 
in some individual cases by slit-lamp microscopy of the fundus and by 
pathological examination (Tower, 1954). 

In reporting five families with macular cysts, attention is drawn to the fact 
that the affection is hereditary; that the mode of inheritance is dominant in all 
these families—it was regularly dominant in three and irregularly dominant 
in two; and that the condition, largely innocuous at first, is ultimately 


destructive of central vision. 
Case Records 
(1) H-y Famiry (Pedigree Chart I)—In this London family a brother and sister 
were affected in a sibship of seven. Their father is shown as also affected, but in 
his case the appearances are markedly different. 

Case 1, Harry H-y, aged 43 (II, 3, Pedigree Chart 1), proband (Fig. a,b). Visual 
acuity: right 6/6, left 6/9 partly. He attended hospital because of some recent 
blurring of vision in the left eye. In the right eye there was an intact macular cyst, 
and in the left the macular cyst appeared to have burst. Colour vision: anomalous — 
trichromat, nearly normal, No scotoma in central fields to white object 1/2,000 mm. 

Case 2, Mrs. C., aged 34 (II, 7), a younger sister. Visual acuity: right 6/6, left 6/9 
partly. Here the fundi show intact macular cysts (Fig. 2a,b). The patient was 
conscious of distortion of objects, and gave a history of transient attacks of this 
disturbed state of vision on several previous occasions. 

Two other sisters (II, 1, and II, 

CoeS@q! V2 - 4) were both normal. It proved 

impossible to see the three brothers 
(II, 2, 5, and 6). 

Case 3, Edward H., aged 79 (I, 1), 
father of Cases | and 2. Visual 
acuity: 6/60 in eacheye. There are 
considerable lens opacities; details 
of the right fundus are shown in Fig. 

x “ 3. where a central lesion with much 

: outlying disturbance is seen. The 

@ @ Affected a - O Unaffected, examined Findus in the left eye was essenti- 
7 ally similar. His sight had been 





PEDIGREE CHART I.—H-y family. failing for some 20 years. 


*Received for publication November 23, 1955. 
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MACULAR CYSTS 


Right and left fundi of Case 1(II,3), a man aged 43. Visual 


acuity: right 6/6, left 6/9 partly. Vision in the left eye had become blurred only 
lately. No central field defect, nor marked anomaly in colour vision. Left cyst 


probably ruptured. 


Fic. 2(a and b).—Right and left fundi of Case 2 (iI, 7), a younger sister of Case 1, 
aged 34, Visual acuity: right 6/6, left 6/9 partly, recently complicated by distortion 


of objects. 


Cysts intact. 


Fic. 3.—Right fundus of Case 3 (I, 1), 
father of Cases 1 and 2, aged 79. His sight 


had been failing for some 20 years. Visual 


acuity: 6/60 in each eye. There are also 
lens opacities. 
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(2) H-N Famity (Pedigree Chart II).—In another London family macular cysts 
were observed in a man and his daughter. 

Case 4, Frederick H-n, aged 39 (II, 2, Pedigree Chart II), proband (Fig. 4a,b, 
opposite). Visua! acuity: right 6/6, left 6/60. The patient attended with failing vision 
in the left eye. There is no great difference between the two eyes, but there is probably 
more disturbance centrally in the left. He was unaware of any eye trouble in the 
family. There was no change 4 years later. 

Case 5, Pamela H-n, aged 10 (III, 2), daughter of Case 4. Visual acuity: right 6/5, 
left 6/12, not improved. The fundi (Fig. 5a,b, opposite) show well-marked mac- 
ular cysts, intact in the left and possibly intact in the right. Peripheral fields normal, 
dark adaptation normal, colour vision normal to Ishihara test and anomaloscope. 
The appearances and functions were unchanged 4 years later. 

This family proved easier to follow up. A brother (II, 1), two sisters (II, 3 and 4), 
and the mother (I, 2) of the proband were all found normal, as were a niece (III, 1) 
and a nephew (III, 3) of the proband. A maternal aunt of the proband was also 
found normal. The father of the proband (I, 1) had been killed in France in 1918 
at about the age of 50; he was reported by one of his daughters to have had poor 
sight in one eye. 





Case9 Case! 


_ @ Affected 


O fe) Unaffected, examined 


® @ Affected 0 O Unaffected, examined 
x 


PEDIGREE CHART II.—H-n family. PEDIGREE CHART III.—C-ns family. 


(3) C-Ns FAMILY (Pedigree Chart III).—In this Cumberland family there were 
seven cases over three generations. 
Case 6, Henry C-ns (I, 1), who died at-74, had been known as affected to Dr. J. A. 
Ross of Carlisle. 
Case 7, John C-ns, aged 57 (II, 1), son of I, 1, showed macular cysts in both fundi. 
Visual acuity : 6/9 in each eye. 

*Case 8, Mrs. Mary J., aged 55 in 1951 (II, 2), daughter of I, 1, had had failing 
sight for 20 years. Visual acuity: with glasses + 1-75 D 5/60 in each eye. Normal 
colour vision, defective dark adaptation on both the cone and the rod curves (Fig. A, 
opposite). There was restriction of the peripheral fields. The fundi show macular 
cysts with considerable central changes but no surrounding pigment reaction. 
Fig. 6 (overleaf) shows the appearances in the right eye; the left eye was similar. 





*It should be noted that Case 8 and her two children, Cases 11 and 12, are highly apprehensive and that the findings 
at all their subjective tests are rather open to question. 
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MACULAR CYSTS 


Fic. 4(a and 5).—Right and left fundi of Case 4 (II, 2), a man aged 39. Visual 
— right 6/6, left 6/60. Left cyst probably ruptured. No change observed 
over 4 years. 


Fic. 5(a and 5).—Right and left fundi of Case 5 (III, 2), 10-year-old daughter of 
Case . Visual acuity: right 6/5, left 6/12. Dark adaptation and colour vision 
normal. 
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yea tint 
Fic. A.—Dark adaptation curve of Case 8 (II, 2 in Pedigree Chart III), aged 55 
(right fundus shown in Fig. 6). There is defective dark adaptation as shown by 
th the cone and the rod curves. 

Fic. B.—Dark adaptation curve of Case 11 (III, 2 in Pedigree Chart III), aged 18 
(right fundus shown in Fig. 7). Both cone and rod curves are within normal limits. 
Fic. C.—Dark adaptation curve of Case 12 (III, 3 in Pedigree III), aged 16 (left 
fundus shown in Fig. 8). Dark adaptation poor in cone curve. 
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Case 9, Mrs. Elizabeth E., aged 45 (II, 4). Visual acuity: right 6/18, left 6/12. Both 
fundi show macular cysts. 


Case 10, Mrs. Ada S., aged 37 (II, 5). Both fundi show macular cysts. The ap- 
pearances are similar to those seen in her elder sister, (II, 2). 

*Case 11, Majorie D., aged 18 (III, 2), daughter of II, 2. Visual acuity: right 
with glasses +4 D sph., —0-5 D cyl. 30°, 6/18; left +3-75 D sph., —0-5 D cyl. 150°, 
6/18. Peripheral fields of vision full, dark adaptation within normal limits (Fig. B). 
On the Ishihara plates the response was irregular, not conforming to any of the known 
colour defects; on the anomaloscope the patient was red defective. Fig. 7 shows the 
fundus appearances in the right eye, the left eye was similar. 


*Case 12, Robert D., aged 16 (III, 3), son of II, 2. Visual acuity: right 6/36, ieft 
6/60. Peripheral fields restricted, dark adaptation poor in the cone curve (Fig. C). 
The patient was totally colour blind on the Ishihara plates, and strongly red defective 
on the anomaloscope. The fundus of the left eye is shown in Fig. 8; the right eye 
was similar. 


Fic. 6.—Right fundus of Case 8 (II, 2), a 
woman aged 55, whose sight has been failing 
for 20 years. Visual acuity: 5/60 eacheye. Left 
fundus similar, dark adaptation defective, 
colour vision normal. 


Fic. 7.—Right fundus of Case 11 (III, 2), Fic. 8.—Left fundus of Case 12 (III, 3), 


18-year-old daughter of Case 8. Visual 16-year-old brother of Case. 11, and son 
seu: 6/18 each eye. Left fundus similar, of Case 8. Visual acuity: right 6/36, left 
dark adaptation normal, some disturbances 6/60. Right fundus similar, disturbances 
in colour vision. in dark adaptation and colour vision. 


* See footnote to p. 146. 
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Apart from these three families with direct inheritance over two generations in 
two families, and over three generations in a third family, two further families 


showed apparently irregular dominance. 


(4) C. Famity (Pedigree Chart IV).—In this London family two sisters, aged 10 


and 9, showed macular cysts in both eyes. 
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PEDIGREE CuHarT IV.—C. family. 


A similar lesion was seen in their 


maternal grandfather, 
the mother herself being 
normal, and the family 
history otherwise clear. 


Case 13, Carol S., aged 
9 (IV, 3), the proband. 
Visual acuity right 6/12, 
left 6/36, not improved. 
Both fundi show macular 
cysts; the right has either 
burst or ison the point 
of bursting (Fig. 9e,f, 
overleaf). 

Case 14, Jennifer S., 
aged 10 (IV, 2). Visual 
acuity: right 6/9, left 6/6. 
The macular cysts are 


obvious and possibly the right has already ruptured (Fig. 9c,d, overleaf). 

Case 15, Mr. B. C., aged 63 (II, 2), the maternal grandfather of these children, 
is a dental surgeon. Visual acuity: with glasses +0-75 D sph. 6/36 in each eye, 
not improved. The fundi (Fig. 9a,b, overleaf) show two punched-out areas in the 
macular region with exposure of the choroidal vessels and some pigmentary disturb- 
ance—presumably macular cysts that have ruptured, and the anterior wall probably 
absorbed. The patient first noticed difficulty with the left eye about 15 years ago, 
and vision has become slowly worse in both. He is still able to do his work with 


some difficulty. 


(5) B. Famity (Pedigree Chart V).—In this London family the Scottish mother of 
the proband showed only a doubtfully pathological fundus, though a collateral 


branch living in Scotland was affected. 
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PEDIGREE CHART V.—B. family. 


Unaffected, examined 


Toba b bt 
A 


vz History of eye trouble 
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Fic. 9(a and 5).—Right and: left fundi of Case 15 (II, 2), a man aged 63, whose 
sight had been failing for some 15 years. Visual acuity: 6/36 each eye. The 
appearances are taken to mean a ruptured macular cyst with some atrophy of the 
retina and pigment epithelium, and consequent exposure of the chorio-capillaris. 
Fic. 9(c and d).—Right and left fundi of Case 14, (IV, 2), 10-year-old grand- 
daughter of Case 15. Visual acuity: right 6/9, left 6/6. ? Rupture of right cyst. 
Fic. 9(e and f).—Right and left fundi of Case 13 (IV, 3), younger sister of Case 14. 
Visual acuity: right 6/12, left 6/36. Right cyst probably ruptured. 


Case 16, Miriam B., aged 17 (III, 11), the proband, was first seen at the age of 7 
when visual acuity was right 6/9, left 6/36, refraction: +-2-50 D sph. in each eye. At 
the age of 12, it was right 6/9 partly and left 6/12 partly with +1-5 D sph. in each 
eye; it has remained unchanged since. At the age of 3 she had poliomyelitis, which 
left a crippling defect in the right leg. The fundi show characteristic macular cysts 
with much surrounding pigment reaction (Fig. 10c,d, opposite). 

Case 17, Mrs. W. B., aged 42 (II, 7), mother of the proband, had full vision and an 
unusual central fundus lesion in both eyes (Fig. 10a,b, opposite): a diffuse fine 
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Fic. 10(a and 5).—Right and left fundi of Case 17 (II, 7), a woman aged 42. Vision 
full, diffuse mottling throughout posterior pole. Her nephew, Case 18 (III, 8), 
and her daughter, Case 16 (III, 11), figured below, both show macular cysts. 


Fic. 10(c and d).—Right and left fundi of Case 16 (III, 11), when aged 14, 

daughter of Case 17. Visual acuity: right 6/9 partly, left 6/12 partly. This girl, 

now aged 17, has been under observation for some 10 years and has shown no 

substantial changes. 
pigmentation throughout the posterior pole, with a small atrophic patch temporal to 
the macular in the right. The patient was unaware of any trouble, nor could 
any anomalies be revealed by tests. 

A further search throughout the family was hampered by geographical factors. 
However, the existence of a similar lesion in a collateral branch of the family, 
the mother’s sister (Case 20) and two of her sons (Cases 18 and 19), was almost 
certain. 

Case 18, James S., aged 13 (III, 8), was seen at the Edinburgh Royal Infirmary at 
the age of 6 with a corneal abrasion in the right eye. Subsequently notes on 
changes at the maculae were recorded: “ the right macular area shows two areas of 

-pallor just below the macula which appear to be slightly elevated.’ The left macula 

is noted as showing “large holes”. Visual acuity: right 6/12, left 6/6 partly. A 
year later there is a note that there was eye trouble in a brother and a maternal 
uncle. Two years later vision had remained unchanged. 

Case 19, Robert S., aged 20 (III, 5). In 1951, when he was 18, visual acuity was 
right 6/9, left 6/24; ‘‘ a patch of choroidal atrophy with pigmentation in both macular 
areas ” was noted. 

Case 20, Mrs. Mary S., aged 44 (II, 6), mother of Cases 18 and 19. In 1952 visual 
acuity was right 6/24, left 6/60. The fundi showed “ macular degeneration in both 
eyes and also some pepper and salt changes in the periphery ”. 
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Discussion 

Cyst formation at the macula may be the response to a number of different 
stimuli. Trauma is an obvious cause in some unilateral cases, and vascular 
disturbances in others. The complexity of the problem is well brought out 
in the recent discussion by Tower (1954), whilst the possibility that bilateral 
cysts may be genetic in origin and progressive in course has been indicated 
elsewhere (Sorsby, 1951). A report of five cases in one family over three 
generations by McFarland (1955) probably relates to macular cysts; a lesion 
described as ‘‘ a round elevated area which assumes a cystic configuration ”, 
Type II of the classification of macular dystrophies by Klien (1950), was 
observed in the younger members, whilst a central reaction was seen in the 
older members. 

Bilateral macular cysts as a genetic entity has fairly clear-cut features. On 
the basis of the cases reported here the following account is warranted. 


Clinical Course 

Onset.—The affection is probably congenital in type. This is suggested 
by the fact that eight of the twenty cases studied here were under the age of 
20, though it is worth noting that the youngest patient in this series was 9 
years old. The congenital nature of the affection therefore still remains to 
be proved. 

Effect on Vision—Excluding Case 10 because of an incomplete record, and 
Case 3 because of the presence of considerable lens opacities, there are 
eighteen cases left, ranging in age from 9 to 63 years. 

Of six cases between the ages of 43 and 63, four have vision below 6/24; 
only two (Cases 7 and 1) have good vision. Case 17, aged 42, has full vision, 
but probably represents the carrier state rather than the affection. 

The remaining eleven cases are all under the age of 40, and only one has 
poor vision (Case 12, a boy of 16, who was not an entirely reliable witness). 
All the others have moderately good vision, though several have defective 
vision im one eye. 

Failing vision is therefore to be expected only in middle life; there was a 
history of failing vision for 15 years in Case 15 (a man aged 63), for 20 years 


in Case 8 (a woman aged 55), and only “ lately ” in Case 4 (a man aged 39). 
Cases 7 and 1 do, however, emphasize that failure of vision need not neces- 
sarily occur. 

Associated Disturbances.—The findings recorded for Cases 1 and 5 do not 
suggest any changes in dark adaptation and colour vision as part of the 
clinical picture. In the third family with severe visual disturbances, anoma- 
lies in colour vision and in dark adaptation were, however, present. 

McFarland (1955) recognized the progressive character of the cysts seen 
in the younger members in his family. His findings agree fairly closely with 
those seen in the C. family (Pedigree Chart [V) recorded here. 
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Ophthalmoscopic Appearances 
Ophthalmoscopically cysts vary in size and appearance, but there is a 
distinct intra-familial similarity. Thus the cysts in the first and fourth 
families are all about one disc diameter in size, whilst those in the second and 
third families are larger. Within a family the different members may, 
however, show some considerable variations, and there may also be differ- 
ences between the two eyes. At the end-stage, when there is much secondary 
atrophy, it may be difficult to visualize the original size of the cyst; this is 
suggested by Fig. 3 compared with Figs 1 and 2. Sometimes the cystic 
nature of the lesion is obvious, but frequently there is much pigmentary and 
atrophic reaction in the central area, and but little suggestion of a cyst. In 
any particular case a definite diagnosis as to the cystic nature of the lesion 
may be exceedingly difficult on ophthalmoscopic evidence only. Taking the 
appearances shown in Fig. 3 and in Fig. 9a and b as representing the end- 
stage, it must be accepted that this is no longer cystic in character. The 
cysts have apparently burst, their anterior wall has become absorbed and a 
variable amount of destruction of tissue and of pigmentation has occurred. 


Mode of Inheritance 


Dominant inheritance is suggested by the first three pedigrees, though 
conclusive evidence is available only from Pedigree Chart III, where the 
affection has been known to occur over three generations in direct descent. 
In the light of these findings the inheritance recorded in Pedigree Chart IV 
must be interpreted as once again dominant, without expression in the second 
generation. Variation in expression is shown in Pedigree Chart V, where II, 
7 is clinically silent and ophthalmoscopically anomalous. 

The data on the occurrence of the affection in these five family groups are 


shown in the Table. 
TABLE 


DISTRIBUTION OF AFFECTED AND UNAFFECTED MEMBERS OF 
THE FIVE FAMILIES STUDIED 





Genera- Affected | Unaffected Not Known | 
Family | tion = |—————————_}—_—- ——__ | 
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*As there is no evidence that the fbn was present in the first generation, and the possibility arises that the case 
in the second generation represents a mutation, only Generation III was considered here. 
+For a similar reason Generation II in this family is omitted from the analysis. 
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It is seen that there were sixteen known cases of the affection against four- 
teen known normals (with 21 individuals who could not be examined). This 
is consistent with the 1 : 1 ratio expected in dominance. There was a female 
excess amongst both affected and unaffected, but neither is statistically 
significant. It may therefore be taken that the mode of inheritance is simple 


dominance with variable expression and high, though incomplete, penetrance. 


The possibility of a recessive sex-linked type of macular cyst is suggested by the 
brief report by Falls (1952) in a study on Ssex-linkage. Identical twin boys 


showed macular cysts; their mother was normal whilst two, and possibly three, 
of her brothers had “macular degeneration”. 


Differential Diagnosis 
At the Cystic Stage.—Before degenerative changes set in the cystic character 


of the affection is obvious and differential diagnosis presents little difficulty. 
Two affections, Best’s disease and macular dystrophy, have to be considered: 


Best’s DisEase.—First observed by Best (1905), and subsequently followed 
up in the same family by Vossius ({921), by Weisel (1922), and by Jung (1937), 
this affection has only one other report in the literature—that by Falls (1949) 
of an American family. Best’s disease is probably a congenital disturbance, 
and—judging by the accounts in the literature—it is not unlikely that families 
with macular cysts were actually being studied. It is consistent with this 
reading that in the two families observed the affection was dominant, and 


vision was frequently good in affected members. 


Macutar Dystropuy.—lIt is also likely that some of those reported in the 
literature as cases of macular dystrophy were in fact cases of macular cysts. 
Judging by the published illustrations, such cases occurred in families re- 


ported by Behr (1920), Chance (1920), Alkio (1923), and Sorsby (1940). 


That some macular dystrophies are also dominant has been shown in a recent 
study (Sorsby and Davey, 1955). A differential diagnosis between dominant 
macular dystrophy and macular cyst may be all the more difficult in un- 
characteristic cases, as dominant macular dystrophy also may be relatively 
symptomless for many years. 

At the Degenerative Stage—Differential diagnosis presents considerable 
difficulty in the degenerative stages of macular cyst. Here the cystic 
character of the affection is no longer obvious and an uncharacteristic 
macular lesion is all that may be seen. In such cases diagnosis may be 
possible only with a full family investigation. Moreover the degenerative 
stages of the affection are only sketchily known and further studies are 


needed 
Histology 


If the family which is reported by McFarland (1955) is regarded as one 
showing macular cysts, the histological appearances in his eldest patient are 
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of interest. A report by Klien (1950) describes the lesion as an extensive 
defect of the first neuron, with the pigment epithelium missing over a rather 
smaller area than that of the retinal defect—the affected pigment epithelium 
and neuro-epithelium being replaced by a glial membrane. Bruch’s mem- 
brane showed calcification and ruptures near the nervehead, whilst the 
chorio-capillaris was absent and the large choroidal vessels showed marked 
sclerosis of the involutionary type—changes regarded as due to senile 
degeneration co-existent with a retinal lesion of the juvenile dystrophic type. 


Some Implications 

The present study adds one further clinical entity to the dominant central 
fundus lesions: macular coloboma, macular dystrophy, central choroidal 
sclerosis, generalized fundus dystrophy, Doyne’s disease, and Best’s disease 
(if this latter be accepted as a separate entity). Of these affections, the 
congenital nature is obvious in macular coloboma, and is likely in macular 
cysts (and possibly Best's disease). In contrast macular dystrophy, central 
choroidal sclerosis, generalized fundus dystrophy, and Doyne’s disease 
develop in post-natal life. Of these six (or possibly seven) dominant affec- 
tions, two—macular dystrophy and central choroidal sclerosis—have reces- 
sive variants. All these affections, excluding macular coloboma, are pro- 
gressive, though to a variable extent. 


Summary 


(1) Five families of dominantly inherited, bilateral macular cysts are 
Teported, In two families observations extended over three generations and 


in three over two generations. 


(2) Regular dominance was observed in four families; in the fifth the 
mother of two affected daughters was normal, though her father was affected. 


(3) The affection shows the following features: 

(a) It is probably congenital in character. 

(b) There is nothing to suggest subjective change in the central fields, 
colour vision, and dark adaptation, during the quiescent stages of the 
affection. 

(c) Visual disturbances tend to develop in middle-age and are probably 


only slowly progressive. These disturbances appear to be determined 
by rupture of the cyst, followed by slow pigmentary degenerative changes, 


including the absorption of the anterior wall of the cyst. 

(d) At the end-stage—presumably towards the seventh decade of life— 
a non-pathognomonic macular lesion is seen. 

(e) The ophthalmoscopic appearances show both considerable intra- 
familial similarity and inter-familia\ variation. An occasional variant of 
macular cyst is a non-pathognomonic pigmentation of the central 
fundus area. 
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(4) The differential diagnosis from other dominant central fundus lesions is 
indicated. 


Mr. C. J. Longworth Blair of Richmond referred the third family to us, and Mr. J. A. Chivers 
of Orpington the fourth family. Dr. Ruby Joseph helped in investigating the first two families, 
and Dr. J. Macaskill supplied information on Cases 18, 19, and 20, seen at the Edinburgh Royal 
Infirmary. To them all our thanks are due. 
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APPENDIX 


The following information additional to that shown in the Pedigree Charts is available: 
(1) The H-y family 


GenerationI | 
1. Edward H-y, aged 80 (Case 3), 
2. Mrs. H-y, mother of proband, aged over 70, diabetic, sight said to be bad. 


Generation II 
. Mrs. Elsie W., aged 45, examined, unaffected. 
. Ted H-y, aged 43. 
. Case 1, proband. 
. Mrs. S., aged 40, examined, unaffected. 
. Bert H-y, aged 37. 
. Leonard H-y. 
Case 2. 


Generation III 
1. Child, aged 14. 
2. Child, aged 4. 
3. Child, aged 4. 
4. Theresa, aged 11, examined, unaffected. 
5. Child, aged 44. 


(2) The H-n family 


Generation I 
1, ——H-n, died aged 50. 
2. Mrs. Mary H-n, mother of proband, aged 65. Visual acuity: right 6/18, left 6/12. 
Early lens changes, colour vision normal, fundi normal. 
3.——, maternal aunt of proband, sister of . se 


Generation II 
1. Edward H-n, aged 41. Visual acuity, with glasses, right +4 D 6/6; left +3-52 D 6/9 
Colour vision normal, some slight disturbance at each macula. 
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2. Case 4, proband. 

3. seoeuery H-n, aged 37. Visual acuity: 6/4 both eyes. Colour vision normal, fundi 
normal. 

4. Mrs. — H-t, aged 32. 


Generation III 
1. Valerie H-n, aged 10. 
2. Case 5 


3. Michael H-t, aged 9. Visual acuity 6/5 both eyes. -Colour vision normal, fundi 
normal. 


(3) The C-ns family 


Generation I 
1. Case 6. 
2. Mrs. Elizabeth C-ns, died aged 77. 


Generation II 
1. Case 7. 


2. Case 8. 
A. First husband of II, 2, Arthur W. D., died aged 64. 
B. Second husband of II, 2, Mr. J. 

3. Harry C-ns, aged 47, examined, unaffected. 

4. Case 9. 

5. Case 10. 

6. Mrs. Lilian Y., aged 35, examined, unaffected. 


Generation III 
: Pomong C-ns, known to have served in R.A.F. 
. Case 12. 
. Keith C-ns, aged 20, examined, unaffected. 
. Christine C-ns, aged 8, examined, unaffected. 
. Raymond E., examined, unaffected. 
. Kathleen Y., aged 2, examined, unaffected. 


Generation IV 
1. Raymond E., aged 2. 
2. Sandra E., aged 1. 


(4) The C. family 


Generation II 
. Harry C., aged 65. 
Case 15 


1 
yi é 
3. Mrs. Winifred St., aged 61. 

4. Frank (C., aged 60, examined, unaffected. 
5. John C., aged 58. 

6. Eric C., aged 52. 

7. Mrs. Gladys C., aged 50. 


Generation III 
1. Miss —- C., aged 38, examined, unaffected. 
2. —C., aged 36, examined, unaffected. 
3. Mrs. Phyllis J. S., aged 35, examined, unaffected. 
4. Ronald C., aged 32, examined, unaffected. 
8. John C., aged 10. 


Generation IV 
1. Died at birth. 
2. Case 14. 
3. Case 13, proband. 
4, Peter C., aged 4. 
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(5) The B. family 


Generation I 


1. and 2. Mr. and Mrs. D., both dead, at about 50 and 60 years respectively. No 
consanguinity. 


Generation II 
. Jim D., vr 56, eye trouble. 
. Died aged 31 
. Mrs. Ann Mcl., ~ $2, 
. Mrs. Betty B., aged 50 
. Mrs. Ellen —, aged 47 (in Canada). 
. Case 20. 
. Case 1 
. Mrs. L Cc. aged 40. 
Generation III 
3 and 4. aged 16 and 13 respectively. 
5. Case 19. 


. William S., aged 20. 

. Charles S., aged 16. 

. Case 18. 

. — S., aged 6. 

. James B., aged 18, examined, unaffected. 
. Case 16, proband. 
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TREATMENT OF CORNEAL INFECTIONS DUE 
TO PSEUDOMONAS PYOCYANEUS WITH 
POLYMYXIN B SULPHATE OINTMENT* 


BY 


D. P. GURD 
Medical Department of the Navy 


THE infection of the cornea with Pseudomonas pyocyaneus is well known to 
ophthalmologists. The invasion usually occurs afte: an injury to the corneal 
epithelium which may be in itself trivial, such as the trauma caused by the 
impaction and subsequent removal of a small foreign body. The infection 
usually appears within 2 days otf the injury and has a typical appearance. 
The lesion is a very white slough at first and later forms a dense white ring 
around a relatively translucent cential area; if the infection has been present 
for more than 24 hours an hypopyon may be present. 

Until recently treatment has been of little avail and either the eye has 
been entirely lost from perforation or all useful vision has been sacrificed 
because of gross corneal opacification. Recently the introduction of strep- 
tomycin and especially of the polymyxins has made the outlook less grave, 
as evidenced by the recent observations of Ainslie and Smith (1952) and 
Bignell (1951), and Williams, Hench, and Guerry (1954) have cured experi- 
mental infections in rabbits by using subconjunctival injections of Polymyxin 
B and Polymyxin E. 

Because subconjunctival injection is usually a painful procedure for the 
patient and takes up the time of an experienced therapist, the topical appli- 
cation of a polymyxin potent enough to be effective when instilled into the 
conjunctival sac is highly desirable. An ointment has been produced 
containing 10,000 units Polymyxin B sulphate and 500 units Bacitracin per g. 
in a stable petrolatum base, and this is being tried out clinically in the 
Ophthalmic Hospital of St. John in Jerusalem. 

A series of observations of the cornea of infected rabbits has also been 
carried out. 


Clinical Cases.—Two typical cases have been seen of dead white ulcers with 
hypopyon occurring within 2 days of injury, each due to a prick by a thorn. 
There was no time for bacteriological confirmation of the clinical diagnosis. 
One ulcer healed rapidly within a week, leaving a fine white nebula and a 
completely quiet eye after the Polymyxin-Bacitracin ointment had been applied 
four times daily, that is to say after some 24 treatments in all. In the other 
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patient, whose age was greater and whose clinical condition was more 
severe, the ulcer took 10 days to heal. Those lesions are very common 
among the Arab population, especially during the season of the “ prickly 
pear” harvest, when thorns commonly become lodged in the conjunctival 
fornix and abrade the cornea. The only additional treatment received by 
these patients was the twice-daily instillation of atropine ointment and the 
ingestion of multivitamin tablets by mouth. 


Experimental Studies.—Twenty rabbits were obtained, but three were killed by 
snake bite and two suddenly succumbed to ether anaesthesia. In the surviving 
fifteen, the corneal epithelium of one eye was cut through the centre with a 2-mm. 
trephine and the circle of epithelium thus separated was curetted away. Some 
material from a known pure culture of Pseudomonas pyocyaneus was rubbed into 
this abraded area with a platinum loupe. Nothing further was done to the first 
eleven rabbits (see Figs 1-8), but Nos 12-15 were treated a few minutes after 
inoculation: No. 12 (Fig. 9) with an instillation of the polymyxin-bacitracin oint- 
ment, No. 13 (Fig. 10) with an application of a neomycin-cortisone ointment, 
No. 14 (Fig. 11) with aureomycin ointment, and No. 15 (Fig. 12) with penicillin 
eye ointment. The fifteen rabbits were then left alone and re-examined after 24 
hours. Twelve of the fifteen were then found to have extremely severe corneal 
ulcers; there was a typical picture in each case of a dense white infiltration and a 
small hypopyon, the conjunctiva being grossly swollen and reddened with flecks 
of white pus on the surface. The other three rabbits (Nos 2, 12, and 13) had 
ulcers which were less severe. Treatment was then begun as detailed in the Table. 


TABLE 
TREATMENT SCHEDULE OF RABBITS 1!—12 





l ] 

| Time of Frequency 
Rabbit No. Starting Treatment of 
Treatment Application 





; (died) 
5 2-hrly day 
7 and night 
8 24 hrs 
9 after Polymyxin-Bacitracin 

1 inoculation 


* 4-hrly day 
and night 


10 
12° Polymyxin (prophylactic inunction) 











13* A few Neomycin-Cortisone 
minutes 
14 after Aureomycin 
inoculation 
15 Penicillin 





























*Less severe ulcers developed 





TREATMENT OF CORNEAL INFECTIONS 


(a) (6) (c) 
Fic. 1(a@).—Rahbit No. 3, untreated, 24 hrs after infection. 
Fic. 1(6).—Same eye after 48 hrs’ treatment with Polymyxin inunctions 2 hrly, 
day and night. 
Fic. 1(c).—Same eye after 7 days’ treatment. 


oO (c) 


Fic. 2(a).—Rabbit No. 5, untreated, 24 hrs after a severe infection. 
Fic. 2(6).—Same eye after 48 hrs’ treatment with Polymyxin inunctions 2 hrly, 


day and night. 
Fic. 2(c).—Same eye after 7 days’ treatment. The cornea is clearing. 


(a) aS (6) (c) 
Fic. 3(a).—Rabbit No. 7, untreated, 24 hrs after infection. 
Fic. 3(6).—Same eye after 48 hrs’ treatment with Polymyxin inunctions 2-hrly, 
day and night. The ulcer is less dense. 
Fic. 3(c).—Same eye after 7 days’ treatment. The cornea is much clearer and the 
eye quiet. 
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‘eo (6) (c) 
— 4(a).—Rabbit No. 8, showing typical pyocyaneus ulcer, untreated, 24 hrs after 
infection. 
Fic. 4(b).—Same eye after 48 hrs’ treatment with Polymyxin inunctions 2-hrly, 


day and night. } 
Fic. 4(c).—Same eye after 7 days’ treatment. The condition is much less serious. 


(a) (0) (c) 
Fic. 5(a).—Rabbit No. 9, showing severe ulcer with marked infiltration and big 
hypopyon, untreated, 24 hrs after infection. ‘ : 
Fic. 5(6).—Same eye after 48 hrs’ treatment with Polymyxin inunctions 2-hrly, 
day and night. , 3 
Fic. 5(c).—Same eye after 7 days’ treatment. The ulcer is becoming much less 
dense and the corneal haze is disappearing at the periphery. 


(a) (b) 
Fic. 6(a).—Rabbit No. 11, untreated, 24 hrs after infection. 


Fic. 6(6).—Same eye after 7 days’ treatment with Polymyxin inunctions 2-hrly, 
day and night, showing marked improvement. 








TREATMENT OF CORNEAL INFECTIONS 


(a) (6) (c) 
Fic. 7(a).—Rabbit No. 4, untreated, 24 hrs after infection. ‘ 
Fic. 7(b).—Same eye after 48 hrs’ treatment with Polymyxin inuctions 4-hrly, 


day and night. ‘ : 
Fic. 7(c).—Same eye after 7 days’ treatment. The cornea is clearing. 


(a) (5) (c) 


Fic. 8(a).—Rabbit No. 6, untreated, 24 hrs after infection. 
Fic. 8(6).—Same eye after 48 hrs’ treatment with Polymyxin-bacitracin inunctions 


4-hrly, day and night. 
Fic. 8(c).—Same eye after 7 days’ treatment, showing marked clearing of the cornea. 


The animals’ eyes were photographed 24 hours after inoculation and before 
curative treatment was begun, again after having undergone treatment for 48 hrs, 
and finally after having completed one week of treatment. The results after 
48 hrs were observed to be highly satisfactory in that all the eyes treated with the 
polymyxin ointment (Nos 1-11; see Figs 1-8) showed a marked improvement. The 
swelling of the conjunctiva had disappeared and the large corneal lesions were 
beginning to come under control. Those treated with aureomycin (No. 14) and 
penicillin (No. 15) remained unaffected. One treated with neomycin-cortisone 
ointment (No. 13), showed improvement after 48 hrs, and this was maintained 
until treatment was stopped after 7 days. The vascularization of the nebulae noted 
by other observers was not a notable feature of these rabbits’ eyes. The dense 
corneal infiltration became gradually more translucent and a faint bluish haze 
remained in areas which had previously been white and opaque. Because of 
the intensely hot weather the rabbits were killed on the eighth day, by which time 
it was considered that eight of the ulcers had healed while three showed that the 
infection had come under control. 
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(a) (b) (c) 
Fic. 9(a)—Rabbit No. 12 (which had one prophylactic inunction of Polymyxin 
ointment immediately after inoculation) 24 hrs after infection. : 
Fic. 9(b).—Same eye after 48 hrs’ treatment with Polymyxin inunctions 4-hrly, 
day and night. f : 
Fic. 9(c).—Same eye after 7 days’ treatment. Improvement is obvious, 


(a) (b) (c) 
Fic, 10(@).—Rabbit No. 13 (which had one prophylactic inunction of neomycin- 
cortisone ointment (“‘ Neosone ”) immediately after inoculation) 24 hrs after 


infection. 


Fic, 10(b).—Same eye, after 48 hrs’ treatment with “‘ Neosone” 4-hrly, day and 
night, is much improved. 


Fic. 10(c).—Same eye after 7 days’ treatment. The cornea is clearing well. 
Discussion 

It was clear from these observations that the frequent topical application 
of an ointment containing Polymyxin B and Bacitracin has a beneficial 
effect upon severe corneal lesions induced in rabbits by the inoculation of 
Pseudomonas pyocyaneus into corneal abrasions. A prophylactic inunction 
with the ointment after the infection of one cornea (No. 12, Fig. 9) appeared 
to reduce the severity of the lesion but did not completely prevent it. The 
corneae treated by inunctions of aureomycin ointment and penicillin oint- 
ment responded little if at all. It would also appear from these observations 
that the application of Polymyxin B locally to the eye in ointment form would 
be useful in the treatment of pyocyaneus infections in human subjects. Two 
typical but unconfirmed lesions in human patients responded rapidly to these 


inunctions. As the pyocyaneus infection frequently follows corneal trauma, . 
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(a (b) (©) 
Fic. 11(@).—Rabbit No. 14 (which had one prophylactic inunction of aureomycin 
ointment immediately after inoculation) 24 hrs after infection. __ : 
Fic. 11(b).—Same eye after 48 hrs’ treatment with aureomycin inunctions 4-hrly, 


day and night. The cornea is extensively affected. 
Fic. 11(c).—Same eye after 7 days’ treatment. The eye is in a very bad state. 





(6) (c) 


(a) 
Fic. 12(a).—Rabbit No. 15 (which had one prophylactic inunction of penicillin 
ointment immediately after inoculation) 24 hrs after infection. 
FIG. 12(b).—Same eye after 48 hrs’ treatment with penicillin inunctions 4-hrly, day 
and night. 


Fic. 12(c).—Same eye after 7 days’ treatment. 


the local application of polymyxin ointment would be useful as a prophy- 


ion lactic measure in out-patient ophthalmic clinics and in industrial first-aid 


al departments. Treatment should not be deferred pending identification of 
of the organism. The role of the laboratory here is confirmatory and not 
si diagnostic. 

red 

The 

“3 Summary 

ns (1) Two clinically typical but bacteriologically unproven cases of pyocyan- 
ld eus infection of the cornea responded promptly and satisfactorily to local 
wo applications of an ointment containing 10,000 units Polymyxin B and 500 
rd units Bacitracin per g. 


12, (2) Eleven rabbit corneae inoculated with Pseudomonas pyocyaneus re- 
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sponded well to 7 days’ treatment with this ointment. The Polymyxin 


ointment was superior to aureomycin and penicillin. 

(3) Frequent applications of the ointment are likely to control pyocyaneus 
infections of the cornea in man, and ointment should be used as a prophy- 
lactic in cases of corneal injury, especially those caused by foreign bodies in 
industry. 


My thanks are due to Surgeon Vice-Admiral Sir Alexander Ingleby-Mackenzie, K.B.E., 


Q.H.P., Medical Director-General of the Navy, and to Sir opel Duke-Elder, K.C. V0. 
Hospitaller of the Order of St. John, for permission to publish this pa 


The Polymyxin-Bacitracin ointment, kindly supplied by the Wellcome Research Foundation, 
is produced under the trade name of “‘ Polyfax”’. 
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LEPROSY LESIONS OF THE FUNDUS OCULI* 
BY 
E. J. SOMERSET AnD N. R. SENT 


Calcutta 


OCULAR manifestations of leprosy constitute a very important aspect of the 
disease; the loss of vision, leading sometimes to ultimate blindness, may be 
as serious as any of the other manifestations of the condition. The frequency 
of ocular involvement appears to vary greatly and estimates of its incidence 
vary from 10 to 100 per cent., but in Bengal ocular complications are probably 
less common than in many other parts of the world. 

In the non-lepromatous type (“neural ” in the Cairo classification, and 


“tuberculoid ” in the Madrid classification), eye lesions are due to the 
secondary consequences of lagophthalmos—exposure keratitis and its 
sequelae—and there is no actual leprotic infiltration of the globe; in the 
lepromatous type the episclera, cornea, and iris may be themselves the site of 
infiltration with Mycobacterium leprae. These manifestations, episcleral 
nodules, superficial punctate keratitis, interstitial keratitis, and leprotic 
nodules of the iris have been described in most surveys of ocular complications, 


Previous Investigations 

Although leprotic involvement of the internal organs is known, and involvement 
of the liver, spleen, testicles etc. have been described and studied post mortem, 
involvement of the posterior segment of the eye seems to be very rare and descrip- 
tions are meagre. According to Duke-Elder (1940), leprous infiltration of the 
choroid has been observed histologically by Philippson (1893), Wintersteiner (1895), 
Doutrelepont and Wolters (1896), and Franke and Delbanco (1900). More 
recently Prendergast (1940) examined 28 eyes histologically and found choroidal 
lesions in fifteen, in nine of which the bacilli were demonstrated. In no case was 
there evidence of infiltration of the retina. Some observers have doubted the 
existence of fundus lesions, but Trantas (1899, quoted by Duke-Elder, 1940) 
observed punctate nodules similar to those seen in the iris in 68 per cent. of cases, 
and Rubert (1904) in a systematic search found fundus changes in 47 of 202 cases. 
Typical pictures of disseminated choroiditis were described by Penichet (1929) 
and Hoffmann (1928-30) as due to leprosy. However, Harley (1946), examining 
the fundus in fifty of 150 cases in Panama, found no retinal manifestations, Gibson 
(1950) found no fundus lesions in 55 white Australians, and Kirwan (1948) stated 
that he had never seen by ophthalmoscopic examination a lesion in the fundus 
behind the ora serrata which he considered to be due to leprosy. A similar opinion 
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is expressed by de Carvalho (1948), and Aparisi (1950) notes that peripheral 
choroiditis is occasionally seen but that it is not specific in appearance and its 
leprotic origin is doubtful. Mendonca de Barros (1939), in an extensive mono- 
graph on the clinical aspects of ocular leprosy, does not mention choroido-retinitis, 

The most recent work on the subject appears to be that of Elliott (1948, 1949) 
who described in all six cases; he had examined 500 fundi before finding one case 
of retinal involvement: 


In 1947 a lepromatous (L2) case of 15 years’ duration had normal fundi but showed 
four typical ‘‘ pearls ”’ in the left iris; 8 months later three pearls were present in the 
iris of the left eye, in different positions from the former four, and the right iris now 
showed four entirely new pearls. Slight superficial punctate keratitis was present 
in each eye. Fortunately, the absence of synechia made full dilation of the pnpit 
possible and pearls were now found in the left fundus. These retinal pearls were 
identical in contour and colour and had the same waxy refractile appearance as those 
seen in the iris. Most of the pearls were situated near the posterior pole of the 
eye and were affecting vision. In all, twelve retinal pearls were seen. The right 
fundus showed no abnormality. 


Two years later the pearls in the left fundus were reduced from twelve to seven, 
and a fresh lesion had appeared in the right fundus which had previously been 
clear. The patient had been receiving routine promin therapy and there had been 
no recrudescence of the general leprous condition. Five further cases reported 
in 1949 showed similar fundus pictures; the pearls were usually behind the equator 
and associated with evidence of both corneal and iris involvement. In one case, 
however, the cornea appeared normal and the only sign of iritis was iris pigment 
on the lens capsule and the posterior surface of the cornea. 


Present Investigation 


Material.—The ample material in the Leprosy Department of the .School 
of Tropical Medicine, Calcutta, was kindly put at our disposal by Dr. 
Dharmendra, the head of the Department. Cases of the lepromatous type 
were selected and a systematic ophthalmoscopic search was begun. 


Method.—The pupils were dilated with homatropine. One of us (N.R.S., 
a leprologist) selected and classified the cases, and the other (E.J.S., an 
ophthalmologist) examined- the fundi. From March, 1953, four to six 
cases were selected and examined each week. In the first hundred cases 
no fundus lesions were found, but the 108th patient appeared to show a 
genuine example of fundus leprosy. We did not find a second case until 
a year later we examined the 224th patient. 


Case Reports 


Case 1, an Indian female, aged 46 years, a widow, with no children, had no ocular 
symptoms. There were no other cases of leprosy in her family, but when she was 14 
years old three cases of lepromatous leprosy came to live in her father’s house at 
Mazuffapur, Bihar. At the age of 18 she noticed some loss of sensation of the left thigh 
with spontaneous blisters which broke down and ulcerated, and hypo-pigmentation on 


the abdomen. 
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She was first seen at the Leprosy Department of the Tropical. Diseases Hospital, 
Calcutta, in 1949 and the following signs were found on examination: 

Hypopigmented ill-defined lesions on the body; erythematous and slightly smooth lesions 
on the body and extremities; diffuse infiltration of the face and extremities; several thickened 
nerves, especially the right ulnar; anaesthesia of the right hand and right forearm; bacteri- 
ological examination from the nose and different parts of the skin revealed Mycobacterium 
leprae in large numbers. 

A diagnosis was made of lepromatous leprosy of moderate extent (L.2.). 

She received treatment at another clinic for about 2 years and then discontinued treat- 
ment until she returned to the Leprosy Department of the Tropical Diseases Hospital 4 
years later in September, 1953. Examination then revealed: 

Diffuse infiltration of the face, ears, body, and extremities with nodulation; anaesthesia of 
the feet, part of the legs, right hand, and part of the right forearm; many thickened nerves. 
Large numbers of bacilli could still be found. Lepromin test negative. 

She was classified L3. No signs of any other disease could be found. Since September, 
1953, she had attended the Department and received treatment with sulphetrone. The 
diffuse infiltration had decreased and the nodulation had completely subsided. 

Eye Examination (7.7.53).—There was some loss of hair from the outer third of the 
eyebrows but the eyelashes were normal. The skin of the lids was included in the 
generalized lepromatous infiltration of the face. Lid and eye movements were normal. 
Vision was normal. The conjunctiva and episclera were normal, but both corneae showed 
typical superficial punctate grey scars in the upper half especially in the upper temporal 
quadrant. There was no pannus or ciliary congestion. The pupil and iris appeared 
normal. There were no iris nodules. The left fundus was normal. Examination with 
the ophthalmoscope showed some nodules in the right fundus (Fig. 1): 


Fic. 1.—Case 1, showing leprous nodules of right fundus. 


Two nodules were seen on either side of the inferior temporal branch of the central retinal 
artery about 5 disc diameters from the disc. The larger was about 0-25 mm. in diameter and 
was therefore about the same size as the nodules often seen on the iris and typified by those seen 
in Case 2 (Fig. 2). The surface was bright yellow in colour and the edge well defined. There 
was no surrounding reaction or pigmentary disturbance. Two patches of minute yellow dots 
were noted close to the two nodules and another patch near the temporal edge of the disc. No 
vitreous opacities were observed. The patient was re-examined 5, 7, 11, and 13 months later and 
the retinal condition did not appear to have changed. No iris nodules appeared and her general 
condition improved. After 20 months the two nodules had vanished leaving behind only the 
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faintest discolouration of the retina. Very accurate sketches of the exact position of the nodules 
had’ been made, otherwise the faint remaining retinal discolouration would have gone unnoticed, 
The two patches of minute dots had also faded, leaving hardly any remains. 


Case 2, an Anglo-Indian male storekeeper, aged 30, had been born and brought up in 
Calcutta where he had resided all his life except for 3 years during the second world war. 
He complained of occasional watering and redness of the eyes for the past 2 years. His 
father was said to have had leprosy since 1929, when the present patient was 5 years old, 
and to have died in the Albert Victor Hospital in 1947 at the age of 59, having been blind 
for the two last years of his life. The patient gave no past history of any other serious illness, 
but, at the age of 5, lesions had appeared on the skin of the forehead with loss of sensation 
in that area. In 1940 (when aged 16) he was examined at the Leprosy Department of the 
School of Tropical Medicine with the following findings: 

Loss of sensation in the left hand, part of the left forearm, left foot, and left leg; wasting of 
the small muscles of the left hand; hypopigmented ill-defined Jesions on the forehead, right 
and left side of the face, back, and buttocks with no loss of sensation; slight erythema of the 
ears. Bacteriological examination positive and the lepromin test negative. 


A diagnosis was made of lepromatous leprosy of moderate extent (L2). He attended 
for treatment for 3 years until he joined the army in 1943. He saw service in Egypt, 
Palestine, and Italy and returned to the Department in 1946. His condition was now 
much worse, the disease was more extensive (L3), and the following further lesions were 
reported: 

Diffuse infiltration and thickening of the face and ears with nodulation; generalized 
diffuse infiltration of the body and extremities with nodules on the arms and legs; loss of 
sensation in arms and legs; deformity and wasting of the muscles of the left hand; thickening 
of the left ulnar and perineal nerves. 

At that time we were examining a series of cases of leprosy mainly to observe corneal 
and iris conditions and it so happened that this case was included among 150 cases 
observed at that time. 

Since 1946 the patient has received treatment with sulphetrone and his general condition 
has much improved, with subsidence of the nodules on the face, ears, and extremities 
and decrease in diffuse infiltration. The deformities have improved, there has been 
some return of sensation in the upper arms and legs, and less thickening in the left radial 
and superficial peroneal nerves, but he is still bacteriologically positive. No signs of 
any other disease were found. 

Eye Examination.—In 1946 there was slight ciliary congestion of each eye. The 
pupils were round but reacted very sluggishly to light. No keratic precipitates or 
synechiae were visible on slit-lamp examination. The cornea, lens, vitreous, and retina 
were normal. The slight redness of the eyes in 1946 disappeared spontaneously during 
the next few weeks and he had no further trouble till 1952, when slight redness, watering, 
photophobia, and pain occurred, first in one eye and then the other. These symptoms 
persisted for a few weeks and then spontaneously subsided. Another attack occurred in 
December, 1953. 

Examination in July, 1954, showed normal eyebrows and lashes and clear corneae. 
The pupiis reacted very sluggishly and only partial dilation with atropine was possible. 
The right eye showed three typical iris “‘ pearls ’’ on the surface of the iris at 5, 9, and 
11 o’clock, from 0-5 to 1-0 mm. in diameter, yellow in colour, with smooth rounded 
outlines and homogeneous surface (Fig. 2, opposite). There was no reaction in the 
surrounding iris and no ciliary congestion, but there was some pigment on the lens cap- 
sule and some fine vitreous opacities. 

Near the periphery of the fundus there were three nodules, one at 9 o’clock and two at 
10 o’clock (Fig. 3, opposite), about one-sixth disc diameter(0.25 mm.). Their appearance 
was the same as those seen on the jris; they were round, yellow, homogeneous nodules and 
appeared to be situated extremely superficially on the retina. Near them in the extreme 
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Fic. 2.—Case 2, showing iris “‘ pearls’. Fic. 3.—Case 2, showing leprous nodules of 
right fundus. 


periphery, were several mottled yellowish areas which may perhaps have also been due 
to leprous infiltration, the appearance being not unlike the areas of cystic degeneratiory 
sometimes seen at the extreme periphery of the retina in normal eyes. Unfortunately, 
pupil dilation was not sufficient for the fundus nodules to be examined with the slit lamp. 

The left eye showed some small posterior synechia and a nodule in the iris at 5 o’clock 
near the periphery. Pupil dilation of this eye was not as great as in the right and only a 
partial view of the fundus was possible; no nodules could be seen, but fine vitreous opacities 
were present. On August 20, 1954, some 5 weeks later, the right eye showed a change in 
the iris nodules. The nodule at 9 o’clock had disappeared but at 11 o’clock there were 
now two nodules instead of one. The fundus picture of the right eye had not changed. 

The left iris now showed an additional minute nodule at 11 o’clock, midway between the 
periphery and the pupil margin. Fundus details of this eye could nct be seen. 

In November, 1954, there was little change in the right eye, in either iris or fundus, but 
a further nodule had appeared in the left iris at 4 o’clock. 

In January, 1955, 6 months after the first iris and retinal nodules were seen, the nodules 
in the right iris had absorbed (except for some faint remains at 11 o’clock) but there was 
little change in the fundus picture, the three nodules being still present, though possibly 
slightly smaller. The left iris showed some absorption of the iris nodules, which were 
now only just visible. 


Summary 


Two patients with lepromatous leprosy, one male and one female, had had 
the disease for at least 25 years. One had had mild symptoms of iritis off 
and on for about 8 years and showed a very mild iritis with typical iris 
“pearls” but no involvement of the cornea. The other showed corneal 
scars from previous leprotic superficial punctate keratitis but no evidence of 
previous iritis. Neither case had symptoms related to the retinal involve- 
ment. The retinal lesions were exactly the same as those seen in the iris, 
namely, the small nodules or pearls about 0-25 mm. in diameter. No 
surrounding reaction or pigmentary disturbance was seen. The extreme 
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chronicity of the eye lesions even during treatment is characteristic. 


Our thanks are due to Dr. Dharmendra of the School of Tropical Medicine, Calcutta, for 
permission to examine the cases and for much help and advice. 
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MIGRATION OF INTRA-OCULAR FOREIGN BODIES* 


BY 


C. G. TULLOH 
Moorfields, Westminster and Central Eye Hospital, London 


THE migration of an intra-ocular foreign body, with or without its subsequent 
spontaneous extrusion from the eye, has been reported several times in the 
literature, though in few instances in any detail. It was first described by 
de Castelnau (1842), who recorded how a man sustained an injury to his 
right eye, followed, 34 years later, by the spontaneous extrusion through 
the cornea of a particle of iron measuring 13 mm. x 5 mm., and weighing 
750 mg. His treatment of the eye during recurrent periods of inflammation 
while the foreign body was retained included cold compresses, leeches, 
and belladonna. 

Copper particles, however, are the most frequently concerned in this 
phenomenon. De Wecker (1896) noted a case in which, immediately after 
an injury, a foreign body was seen ophthalmoscopically in the right fundus 
near the macula. At the end of 4 weeks it was seen in the lower part of the 
vitreous, and its life-history, although complicated by the removal of a 
secondary cataract, was terminated only after it had perforated the iris and 
cornea some 44 years later. Blake (1931), the only writer to give details of 
an accurate x-ray localization, reported two cases, in each of which a piece 
of copper-wire migrated forwards; in the first, a piece of wire 34 mm. long 
moved in the course of 5 years from a position “5 mm. behind the cornea” 
to the limbus in the six o’clock meridian; in the second, a piece of wire 
5 x 2 x 2 mm. moved from a position “4 mm. below the horizontal, 
5 mm. to the temporal side of the vertical plane, and 10 mm. behind the 
cornea ’’, to the limbus, again in the six o'clock meridian. This latter case, 
however, was operated on unsuccessfully, when the foreign,body was seen 
to be pushing the iris forwards, so that its history was not straightforward. 
Other cases in which migration followed by extrusion occurred between 1 
and 5 years after injury have been noted: by Kipp (1884), Rampoldi (1891), 
Meyer (1894), Hoesch (1895) and Erb (1899). A 7 to 10 year delay was 
reported by Hartley (1883) and Spechtenhauser (1894), 18 years by Lewis 
(1897), and 21 years by Raulin (1897). Kiimmell (1908) reported 
a case in which a copper particle weighing 2:75 mg. and measuring 
1-6 x 1-3 x +85 mm. moved from the upper posterior part of the globe 
until it caused the iris to bulge forwards; an iridectomy including the foreign 
body was performed, with a satisfactory result. 


*Received for publication August 16, 1955. 
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The migration and extrusion of iron particles have been reported by 


Gesang (1905) and Scalinci (1905), of glass by Azarova (1943) and Gandolfi 
(1947), of wood by Bochever (1947), and of a lead pellet by Wicherkiewicz 


(1904). 








Fic. 1{.—X-ray localization charts for 
right eye, showing initial and final 
positions of foreign body. 

(1) Initial position—23/12/52. 

(2) Final position—26/3/55. 


Case Report 
A male brass-worker, aged 49 years, was admitted 
to hospital on December 23, 1952. 

History.—10 days previously he had been re- 
moving a short pipe from a cylinder block. The 
pipe was composed of an alloy witha high copper 
content, and this was being struck by an engineer’s 
hammer and a sharp cross-cut steel chisel, instead 
of the usual blunt-ended tool known as a “ drift”’. 
While at work he felt something strike the right 
eye and, as the presence of an intra-ocular foreign 
body was not suspected at first, he was treated 
merely for a corneal abrasion, but after a few 
days the eye became painful and the vision blurred, 
so he was referred to hospital. 

Examination —On admission, the left eye 
showed no _abnormality, with a visual acuity of 
6/6. The right eye had a visual acuity of 6/24 
unaided. There was a 3-mm. linear perforating 
corneal wound in the 9,30 meridian, 3 mm. from 
and parallel to the limbus. There was a localized 
lens opacity at 9.30, partly obscured by a posterior 
synechia. The vitreous and fundus showed no 
abnormality, and the tension was normal. X-ray 
localization revealed the presence of a radio- 
opaque foreign body in the region of the pars 
plana of the ciliary body of the right eye, 9 mm. 
to the temporal side of the vertical corneal axis, 
8mm. deep to the plane tangential to the centre 
of the anterior surface of the cornea, with its 
centre 3:2 mm. below the horizontal cornea) axis 
(Figs 1 and 2a). 

Operation—24/12/52.—Under local anaesthesia 
the lateral rectus was mobilized and a scleral 
incison made 8 mm. from the limbus, 2 mm, 
below the mid-line. Repeated magnet applications 
produced no result, so the wound was closed 
and the eye allowed to settle down. Further 
x-ray localization showed no change in the posi- 


tion of the foreign body, and an attempt was 

made to remove it under direct vision. 
Operation—30/1/53.—A_ scleral flap was pre- 

pared and turned back on the temporal side over 


the site of the foreign body. The cifiary body 


was imcised, but nothing was found, so the 
wound was closed. There was some vitreous 
loss. 
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(a) 7/1/53. 


(c) 26/3/55. 


Ae 


(b) 11/9/54. 


Fic. 2.—X rays (lateral view) showing 
different appearances of foreign body 


indicating movement. 


The eye then settled down again, there 
were no further attempts at removal, and 
the patient was discharged on 8/2/53. 
However, the local lens opacities and also 
a posterior cortical cataract developed 
gradually, and there were recurrent attacks 
of iritis (and hypopyon) necessitating 
admission for a week in September, 1954. 
At that time a further x ray was taken, 
revealing that the foreign body had altered 
its position (Fig. 25). 

When the patient was seen on 25/3/55 
at a routine visit, it was noticed that there 
was a dark spot 1 4mm. behind the limbus 


in the 5.30 meridian, and that this was 
the foreign body embedded in and show- 


ing through the sclera was confirmed by x ray (Figs { and 2c). By this time the visual 


acuity had become reduced to“ hand movements”, and a mature cataract had developed 


in a lens slightly displaced backwards below. There was a mild uveitis, and the tension 


was slightly reduced. 


Operation—26/3/55.—Under focal anaesthesia a conjunctival flap was fashioned, and 


turned back, and a 3-mm. scleral incision was made over the point of the foreign body, 


which was withdrawn with forceps and the wound closed. It was found to have been 
\ying almost horizontally, with one end embedded in the sclera in the 5.30 meridian, 


{4 mm. behind the limbus, and the other in the inferior angle of the anterior chamber in 


the 7 o’clock meridian. 
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Nature and Route of Foreign Body —The particle was examined in detail and found to 
be attracted only very feebly to the giant magnet. It was triangular in cross section at 
its centre, tapering to a point at both ends, and measured 4-1 x 1-25 1-16 mm. (Fig. 3). 
It weighed 6°96 mg. and analysis showed its composition to be: copper 60-2 per cent. 
and zinc 39-7 per cent., i.e. 60/40 brass. 

In its passage forwards it could have travelled by one of three routes. Having pierced 
the pars plana, it may have moved forwards in 
the suprachoroidal space, traversed the jiga- 
mentum pectinatum, and then entered the angle 
of the anterior chamber, or it may have travelled 
along the surface of the ciliary body and then 
through the zonule and the root of the iris, or it 
may have passed through the whole thickness of 
the ciliary body before entering the anterior 
chamber, though this last is unlikely. 


Discussion 
The factors concerned in the migration 


and extrusion of intra-ocular foreign bodies, and of copper particles in 
particular, will be noted under four headings: 





Fic. 3.—Foreign body. 


Size and Shape.—These have been said to have little influence on the tendency 
of a foreign body to migrate (Blake, 1931), but one would suggest that the opposite 
is, in fact, the case, for 80 per cent. of copper particles which migrate are long and 
narrow, with pointed ends and a transverse diameter of 2 mm. or less. 1t must 
be admitted that, although they have a similar shape, glass and iron foreign bodies 
very rarely migrate. In the case of glass, however, the inactive chemical nature of 
silicates in the eye is the predominant factor, and in the case of iron, the relatively 
mild inflammatory reaction it produces compared with copper, again on account 
of its chemical nature, together with the fact that most iron foreign bodies are 
removed within a short time of their entering the eye, are two factors which greatly 
reduce the likelihood of such a particle migrating. 


Chemical Nature.—Although only about 4 per cent. of intra-ocular foreign 
_bodies are composed of copper, two-thirds of those which migrate contain this 
metal. It is said that, if copper is present in the form of an alloy containing less 
than 85 per cent. of the metal, chalcosis tends to occur, whilst, if it is present in 
relatively pure form, a violent purulent reaction ensues. Leber (1892) first drew 
attention to this fact in his experimental investigations, wherein he introduced lead, 
copper, and other metals into the eye, and observed their effects. In the present 
case, however, although the copper content was only 60-2 per cent., the reaction, 
while doubtless controlled by treatment, was mainly purulent in type. It is this 
marked inflammatory reaction which is partly responsible for the migration and 
eventual extrusion of copper foreign bodies as compared with other types. 


Magnetic Properties —The fact that copper foreign bodies are not ferro-magnetic 
renders their extraction difficult, so that many are retained. This will increase the 
proportion of copper amongst other types of migrating particles. 


Direction of Movement.—This is always forwards and, in four-fifths of the cases, 
downwards also. The latter is clearly due to gravity, since, in the waking hours at 
least, this force will act towards the lower part of the eye-ball, whilst the former 1s 
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related to the reaction of the ocular tissues. In other parts of the body, any foreign 
material will always pass towards a surface, whether the skin (externally) or a body 


cavity (internally), and this is due to the inflammatory reaction produced around 
it softening the adjacent tissues, associated with tissue tension, which will drive the 
foreign body outwards towards a free surface. In the eye the same holds good, the 
tension of the orbital tissues, together with the intra-ocular pressure, tending to 
move the foreign body forwards. Occasionally, a particle will migrate to its original 
entry wound. This is rare, but has been attributed to the contraction of fibrous 
tissue which has formed along its entry path, pulling it forwards; a more probable 
explanation is that the entry path is preferentially softened by the inflammatory 
reaction, thus producing a line of least resistance, along which the particle will 
travel, 

Other reasons which have been adduced for the forward migration of foreign 
bodies are the compression of the globe by the extra-ocular muscles, the pull of the 
ciliary muscle on the choroid during accommodation, and the intra-ocular fluid 
currents. The first of these may play some part by increasing the intra-ocular 
pressure, but the other two are clearly somewhat fanciful. 


‘ Summary 
A case is described of the migration of an intra-ocular foreign body com- 
posed largely of copper. A summary of the previous literature on the 
subject is given, together with an explanation of the phenomenon. 


My thanks are due to Mr. J. G. Milner for permission to publish this case. 
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COMPARISON OF THE LAMINA CRIBROSA IN 
MAMMALIAN SPECIES WITH GOOD AND 
WITH INDIFFERENT VISION* 


BY 


KATHARINE TANSLEY 


Wernher Research Fellow (Medical Research Council) 
Institute of Ophthalmology, University of London 


IN the course of an investigation into the inheritance of coloboma of the 
optic nerve sheath in mice, I noticed that the lamina cribrosa is very poorly 
developed even in normal animals of this species. The lamina cribrosa, as 
is well known, is a net-work of collagen, elastic, and neuroglial fibres, 
partly continuous with the sclera through which the optic nerve fibres run 
on their way through the back of the eyeball (Salzmann, 1912). This net- 
work strengthens the eyeball at what would otherwise be a very weak spot. 
In the mouse a suggestion of a network is sometimes present (Fig. 1), but the 


Fic. 1.—Optic nervehead of the mouse. A fine 
fibre network is present but there is no specific 
connective tissue staining (cf. Fig. 7). Kolmer’s 
fixative; Mallory’s phosphotungstic acid haem- 


atoxylin. x 330. 


fibres are extremely fine and often 
hard to see in sections; they do 
not take up collagen stains. An 
attempt was made to discover the 
nature of these fibres by the use 
of specific tissue stains. Staining 
with the azan and periodic Schiff 
methods, which give excellent 
results in other animals, failed to 
show any but the most rudimen- 
tary collagen development in any 
mouse nerve; usually the result 
was entirely negative. Various 
methods of staining for clastic 
tissue (Verhoeff’s haematoxylin, 
Weigert’s resorcin fuchsin, and 
orcein)and for reticulin (Wilder’s) 
were also tried and these too gave 
negative results. The very fine 
fibres seen in discs, such as that 
illustrated in Fig. 1, did show up 
with Mallory’s phosphotungstic 
acid haematoxylin which is a good 
stain for neuroglia. According to 
Salzmann glial fibres make up 
part of the human laminacribrosa. 








*Received for publication October 3, 1955. 
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In most mice no transverse fibres could be’ seen crossing the optic nerve 
(Fig. 2) and this situation was often associated with an ectasia of the retina 
which had broken through between the nerve and its sheath and formed a 
sleeve round the body of the nerve (Fig. 3). Similar colobomata, also as- 
sociated with no sign of a lamina cribrosa, have already been reported in the 
tat (Nicholls and Tansley, 1938). 


Fic. 2.—Optic nervehead of 
the mouse. No connective 
tissue fibres at site of lamina 
cribrosa (cf. Figs 5 and 6). 
Kolmer’s fixative; Azan. x 66. 


Fic. 3.—Optic nervehead of 
the mouse. Coloboma of optic 
nerve sheath. Kolmer’s fix- 
ative; Feulgen. x66. 
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Investigation of other laboratory mammals revealed that the rabbit also 
has no collagen at the site of entry of the optic nerve into the eye. Associated 
with this condition there was an almost universal cupping of the optic disc, 
more or less severe (Fig. 4). Coloboma of the optic nerve sheath has also 
been reported in rabbits (Koyanagi, 1921). 


Fic. 4.—Optic nervehead of the rabbit. Note absence of collagen fibres at site of 
lamina cribrosa (cf. Figs 5 and 6). Kolmer’s fixative; Azan. x24. 


The picture in the other species examined was very different. The cat 
(Fig. 5), monkey (Fig. 6), grey squirrel (Fig. 7, opposite), and souslik or 
European ground squirrel (Citellus citellus) all showed well-developed 
collagen fibres, making up a marked lamina cribrosa, and a flat disc. No 
colobomata were ever seen in these species. 


Fic. 5.—Optic nervehead of the cat. 
Note well-developed collagen fibres at 
lamina cribrosa (cf. Figs 2 and 4). 
Kolmer’s fixative; Azan. x44 


Fic. 6.—Optic nervehead of the monkey. 
Note fine collagen fibres at lamina 
cribrosa (cf. Figs 2 and 4). Kolmer’s 
fixative; Azan. x24. 
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Fic. 7.—Optic nervehead of the grey squirrel. Note extremely well-developed 
collagen fibres at lamina cribrosa (cf. Fig. 1). Kolmer’s fixative; Mallory’s 
phosphotungstic acid haematoxylin. x16. 


Fresh collagen fibres are birefringent. Frozen sections of the nervehead 
of two contrasted species, the cat and the rabbit, were, therefore, examined 
in polarized light. In the cat the lamina cribrosa showed up clearly as a 
band of bright fibres continuous with the sclera, but nothing of the sort could 
be seen in the rabbit, where the walls of the vessels running in the optic 
nerve were perfectly distinct but no continuous fibrous band across the ne1ve 
was present. 

In mice with an otherwise normal disc in which a distinct suggestion of a 
network could be seen, there were columns of long oval nuclei lying between 
the incoming bundles of optic nerve fibres in the position at which the col- 
lagen fibres of the lamina cribrosa are present in other species (Fig. 8). These 


Fic. 8.—Optic nervehead of the mouse. Note band of evenly arranged oval 
nuclei running across nerve. Kolmer’s fixative; Feulgen. 330. 
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cells resemble fibroblasts andit is probable thatin the mouse the embryological 
pattern for the development of connective tissue is laid down but that the 
final production of reticulin and collagen is, for some reason, prevented. 

The major relevant difference between the rat, mouse, and rabbit on the 
one hand and the cat, squirrel, and monkey on the other appears to be 
their visual capacity. The rat and mouse each has a practically pure-rod 
retina; the rabbit. possesses some rudimentary cones but the retina is not 
one from which one would expect good visual acuity. All these species 
appear to have poor general vision although their night vision is probably 
good. In the laboratory it is impossible to distinguish rats and mice with 
a completely degenerate retina from normal animals in daylight, and the 
same is true of rabbits with mature bilateral cataracts. Cats and monkeys 
are well known to be extremely dependent on the use of their eyes and the 
same is probably true of the squirrels and ground squirrels. These two 
last have a pure-cone retina (Vilter, 1954; Karli, 1951; Arden and Tansley, 
1955a,b) and a very large optic nerve compared with the size of the eye. The 
eye of the grey squirrel is only about one-third the size of the rabbit eye, but 
the optic nerve is about the same size or a little larger. The nervehead of the 
squirrel is not round but horizontally elongated (Walls, 1942). The section 
illustrated in Fig. 7 was cut in a nearly horizontal plane and this is why the 
nerve appears so much larger than that of the rabbit shown in Fig. 4. 

It is obvious that, if an eye is to preserve good form vision, it must be 
reasonably rigid so as to keep the retina undistorted. The poor develop- 
ment of the lamina cribrosa in rats, mice, and rabbits is not only associated 
with colobomata of the optic nerve sheath but often also with folding of the 
retina and sometimes even with microphthalmia. In my experience such 
abnormalities are not common in cats, squirrels, and monkeys. In rabbits 
and rats coloboma of the optic nerve sheath is often an inherited condition 
and it seems possible that faulty development of the lamina cribrosa is also 
genetically determined. If this is so then it may be that in animals with a 
poor visual capacity and, therefore, no need for a faithful retinal image, 
natural selection does not act to eliminate the individuals with badly developed 


eyes. 
My thanks are due to Miss Susan Rountree for preparing the sections. 
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CASE NOTES 
COENURUS CYST OF THE EYE* 


BY 


A. J. BOASE 
Uganda 


PARASITIZATION of the human eye by the “ gid” worm (genus Multiceps) 
does not appear to have been recorded hitherto. The following two cases 
are therefore reported. 


Case Reports 
Case 1, a male Ankole native of Uganda, aged 21, attended in January, 1954, complaining 
that his left eye had been painful for one week. There was ciliary injection, profuse fine 
precipitates, and a marked aqueous flare. The pupil was small, active, and regular. 
Atropine was instilled, but when his turn for fundoscopy arrived the patient had disap- 
peared. He was next seen in November, 1954, complaining of headache and pain in the 
left eye, which was blind except for a small nasal field. Macroscopically a yellow reflex 
was visible towards the nasal side. The pupil dilated widely with atropine revealing a 
few slender attenuated posterior synechiae. A large cyst could be seen in the vitreous 
mostly in the nasal half. Three white patches near its surface were recognized as scolices 
by a definite though very sluggish motility. The eye was removed 2 weeks later at the 
patient’s request because of pain. Fig. 1 shows the bisected globe hinged at the optic disc 


Fic. 1.—Bisected globe from Case 1, 





*Received for publication December 12, 1955. 
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(the cornea had been removed for keratoplasty on another case). 

Pathological Report — —“ On sagittal section the eye was found to be completely disorganized, 
more than half the globe being occupied by a cyst which consisted of three widely-communicating 
loculi, on the walls of which were 26 sculices, all well formed with thirty hooklets each, ranging in 


length from 88 to 148-8 mp.” 


Case 2, a female Ruanda baby, one year old, presented with a large cyst beneath the bulbar 
conjunctiva of the right eye on the temporal side. The globe was markedly displaced 
towards the nose. The mother insisted that the swelling was of 3 weeks’ duration only. 
At operation, after a conjunctival incision the cyst just ‘‘ oozed ” out of its bed; no dis- 
section was necessary and there seemed to be no connecting tissue strands between it and 
its bed. It was a flabby ovoid structure with many white nodules showing through a 


very thin wall. 

Pathological Report.—* After fixation in formol saline the cyst was of long ovoid shape, 18 7 
x7 mm. (Fig. 2). Groups of scolices were visible through the delicate wall and were fouad to be 
in groups, each roughly linear. 162 scolices were coun h scolex contained 28 hooklets 
(Fig. 3), all well formed and ranging in length from 107 to 149 mu. This is a coenurus cyst, of 


which only one species, C. cerebralis (from M. multiceps) is now regarded as parasitizing man.’ 


Fic, 2,—Cyst from Case 2. 


Fic. 3.—Drawing of hooklets in cyst from Case 2. 
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Di , 

The adult M. multiceps is a common parasite of dogs. Its ova, passed in 
the faeces, are ingested by sheep and develop as coenurus cysts in the 
central nervous system, giving rise to the syndrome of “ blind staggers”. 
The life cycle is completed when dogs eat the brains of infected sheep. It is 
surprising that the close association between man and dog does not more 
often lead to human parasitization, yet recorded instances in the literature 
total only sixteen, none affecting the eye (Raper, 1955). An informative ac- 
count of the condition is given by Johnstone and Jones (1950) with thirteen 
references to the literature. 


Summary 
Two cases of coenurus cyst of the eye are recorded. 


Iam indebted to my friend, Dr. Alan B. Raper, Senior Pathologist, Uganda, for the pathological 


investigations and the reports thereon, and for much information on the subject. The photo- 
graphs were taken by Mr. T. Salthouse of the Photographic Department of Makerere Col\ege 
Medical School. 
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OSTEOMA OF ORBIT* 


BY 


J. R. WHEELER 
Belfast 


Case Report 


A male labourer, aged 52, stated that for about 2 years he had noticed swelling about the 
** left eye” and some dimness of vision, At times the eye had been painful and he had 
noticed redness and watering. He had had no trouble with the right eye. 
Examination (December 28, 1953) 


Right Eye.—Visual acuity 6/6 part, media clear, fundus normal. 
Left Eye —Visual acuity 6/36; with +2-5 D sph. 6/9. 


There was some oedema of the eyelids and mild to moderate proptosis. The eye 
was displaced directly forwards with marked resistance to reduction into the orbit. 


The external ocular movements were full. No tumour palpable, media clear, fundus 
showed slight swelling of disc with veins dilated and some rucking or crinkling of 


retina in macular area. Visual fields full. 


X-Ray of Skull.—A large osteochondromatous mass had a broad base attachment to 


the left orbital root extending medially to the cribriform plate and posteriorly almost to 
the lesser sphenoidal wing. It was capped by two very large osteomatous masses, one of 


which half filled the left frontal sinus and the other the medial half of the left orbit. The 
mass extended downwards and medially into the left ethmoidal sinus. In the medial 


cartilaginous part small islands of osseous tissue were seen (Fig. 1, opposite). 
Operation —On January 17, 1954, I assisted my colleague Mr. Kennedy Hunter, 


the ear, nose, and throat surgeon. Both antra had been washed out previously; some 
muco-pus was present, but was found to be sterile. 

An external incision was made down to the bone beginning just below the centre of 
the eyebrow and continued round the inner canthus to the infero-medial margin of orbit. 

The orbital contents and periosteum were freed medially exposing the tumour, which 
was found to have invaded about half the frontal and ethmoidal cells, the remaining 
areas of the cells being filled with thick tenacious mucus. The lateral ethmoidal wall 
was partly eroded as was the floor of the frontal sinus, and one square inch of dura was 
exposed in the roof of the frontal sinus. The tumour, which was attached to the ethmoid 
by a pedicle about 4” in diameter, was easily removed. A rubber drainage tube was in- 
serted through the nose into the medial part of the frontal sinus. Penicillin and sul- 
phonamide powder were inserted into the wound which was then sutured. 


Pathologist’s Report-—The tumour is a dense sclerosing benign osteoma, weighing 
29 gm., with a volume of 18 ml. (Fig. 2, opposite). 
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Discussion 
Ingalls (1953) reported only two cases of osteoma (0-9 per cent.), in an 
analysis of 216 case histories. 


These slowly growing bony 
tumours are solitary growths 
and may attain large size and 
great hardness. They may 
arise anywhere in relation to 
the periosteum and probably 
originate during foetal life 
but ate not discovered until 


centimetres 


Fic. 1.—X ray of skull showing islands of osseous 
tissue and position of tumour. Fic. 2.—Tumour after removal. 


after childhood. When originating in the paranasal sinuses they are 
often attached to the wall of the sinus by a pedicle or broad base. 

This case was discussed with an ear, nose, and throat surgeon and a 
neurosurgeon and, in view of the x-ray findings that the tumour was anterior, 
the orbital route was considered better than the transcranial. 

The chief operative risk in the past was the infection of exposed meninges, 
but to-day, with sulphonamide and antibiotic cover, this risk is negligible. 

After operation the unaided vision improved from 6/36 to 6/9, and the 
2:5 D of hypermetropia had become 0-5 D. Presumably pressure on the 
globe had caused a shortening of the antero-posterior axis, with resulting 
hypermetropia. 

It is remarkable how the orbital tissues and circulation can adapt themselves 
to a slowly growing space-occupying orbital tumour so that it can attain a 
relatively large size before proptosis or diplopia is evident. 


REFERENCE 
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APPLIANCES 
A NEW OCCLUDER*t 


BY 
K. H. MEHTA 


Doncaster 


OCCLUSION plays an important part in the treatment of squint and amblyopia 
ex anopsia in children. Unfortunately, most of the occluders available are 
so conspicuous that the child resents this important part of treatment, 
which may create an inferiority complex. 

To meet this difficulty, I have now had a special occluder made from soft 
poly vinyl chloride (Figs 1-4). This occluder is flesh-coloured and incon- 
spicuous and represents a great departure from the black eye-shade in 
common use. It is based on the principle of Doyne’s occluder in that it is 
provided with a sucker on the front for attachment to the inside of the spect- 
acle lens, and ventilator holes. There is also a large side-shield which the 
nurse or orthoptist in the out-patient department can cut down to fit the 
individual child. 


Fic. 3. Fic. 4. 
As the material is very soft, it is comfortable to wear for long periods; 
it is also hygienic, inexpensive, and virtually indestructible. 


*Received for publication October 20, 1955. 
+Manufactured by Rayner and Keeler Ltd., 100 New Bond Street, London, W.1. 
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CORNEAL NEEDLE* 
A MODIFICATION 
BY 
P. JAMESON EVANS 


Birmingham 


THE corneal needle recently described (Evans, 1954) has filled a need in corneal 
surgery and continues to give satisfactory results. The makers+ have now 
suggested a modification which I find is an improvement. The new version 
of the needle has the eye placed sideways, that is, in the lateral plane instead 
of in the same plane as the blade, and the eye is grooved as before. 

It will be realized that the broadest part of the needle is the width of the 
cutting edge at the middle of the blade and this is the dimension of the track 
through which the suture must follow. Since this measurement is a maximum 
and substantially greater than the corresponding perpendicular dimension, 
the suture passes more smoothly in this track than it would in the track 
perpendicular to it. 

In corneal grafting by edge-to-edge suture the modified needle has proved 
its worth, and is as robust as before, the eye standing up to compression in 
the needleholder without any loss of shape. 


REFERENCE 
Evans, P. JAMESON (1954). British Journal of Ophthalmology, 38, 630. 





*Received for publication November 30, 1955. 
+ Messrs. Shrimpton and Fletcher, Redditch, Worcs. 
The agents from whom these needles may be obtained are : Philip Harris Ltd., 144 Edmund Street, Birmingham, 3. 


BOOK REVIEWS 


Anesthesia in Ophthalmology. Edited by W. S. ATKINSON, 1955. Charles Thomas, 
Illinois. Pp. 101, 44 figs. (23s. 6d.). 

This is a most useful little book dealing in a thorough and balanced manner with the 
problems of anaesthesia as they affect ophthalmology. Pre-anaesthetic preparation is dealt 
with wisely and sympathetically—eliminating apprehension, testing the drugs (e.g. 
Nembutal) which it is proposed to use pre-operatively for sedation the day before to 
disclose any idiosyncrasy, and providing a quiet and orderly atmosphere. The various 
drugs or combinations of drugs available for pre-anaesthetic preparation are discussed; 
topical and block analgesia are described as well as the use of hyaluronidase as a spreading 
agent in retrobulbar anaesthesia. Akinesia of the orbicularis is recommended by means 
of a block along the inferior edge of the zygomatic bone, a technique which neither induces 
oedema over the lids nor involves paresis of the entire face as often occurs with a facial 
block attained by injection at the ramus of the mandible. The use of curare is sensibly 
discussed as well as the place of general anaesthesia in ocular surgery. Altogether an 
excellent book enlivened unexpectedly by amusingly dramatic illustrations which certainly 
drive home the point they purport to convey. The book is lavishly produced in a manner 
in which expense is obviously of no consideration. 
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The Lacrimal System. Clinical Application. By Everett T. Veirs. Pp. viii and 158, 
73 half-tone illus., index. Grune and Stratten, New York and London. 1955, 


($7.50; 52s. 6d.) 


This book presents within reasonable limits of size a conspectus of the anatomy, 
physiology, malfunction, and disease of the various components of the lacrimal apparatus. 
The chief criticisms that can be made are that it is marred in places by errors of grammatical 
construction, and that for radiological examinations Lipiodol should by now have been 
replaced by more fluid and therefore more easily manageable substitutes which have the 
additional advantages of exciting less reaction in the unfortunate but sometimes inevitable 
event of a false passage. Nevertheless, the work is clearly written and forthright, and the 
illustrations well chosen and excellent. As a handy guide to the ophthalmic plumber this 
book should be assured of a warm welcome. ~ 


Neurogenic Nystagmus (Der neurogene Nystagmus). By J. Oum. 1955. Pp. 134, 
154 figs, bibl. Ferdinand Enke, Stuttgart. (DM 40; 70s.). 


Ohm has followed up his previously published monographs on miners’ nystagmus and 
congenital nystagmus by a further monograph on nystagmus in diseases of the central 
nervous system; the book follows the lines of the other two and is a résumé and assess- 
ment of the immense amount of work which the author has devoted to this problem and 
published in the literature for over 40 years. His methods of measuring and recording 
nystagmus are fully described, as well as the characteristics of the various types of 
nystagmus (optokinetic, vestibular, and so on) occurring in central nervous disorders. 
Thereafter follows the study of 43 cases, indicating the types of nystagmus seen in a large 
range of diseases of the central nervous system, both congenital and acquired. The book 
finishes with an analysis of the anatomy and function of the various centres in the mid- 
brain and vestibular system and a general summary of the author’s views on a subject in 
which he is an undoubted authority. It is indeed valuable to have collected and integrated 
in this volume the work of almost half a century, available to-day only in scattered papers 
in the literature. 


The Cornea. By C. I. THomas. 1955. Blackwell, London; Thomas, Springfield, IIl. 
Pp. 1318, 400 figs, 20 col. plates. (£10 15s. 0d.) 


This is the most comprehensive treatise on the cornea in health and disease in modern 
literature, embracing the entire field of anatomy, comparative anatomy, embryology, 
physiology, methods of examination, congenital anomalies, and the multitude of diseases— 
dystrophic, inflammatory, allergic, neoplastic, and so on—which are peculiar to this 
tissue itself as well as those shared by it in systemic pathological conditions. There is a 
long and detailed chapter on injuries, and the last quarter of the book is devoted to methods 
of treatment: medical, radiational, and surgical. The book is detailed and exhaustive, 
eminently suitable for the ophthalmic specialist; as reading for the student, the general 
medical practitioner, and the nurse (who are also claimed as its clientéle), it will form a 
very indigestible course in a banquet which surfeits most. Into its writing the author has 
put an immense amount of literary research as well as a rich clinical experience, and he 
writes with considerable judgment. On the whole the book is an excellent compilation 
and a distinct adjunct to our literature. 

Each subject is discussed in elaborate detail and the stress put on the historical evolution- 
of each condition adds’ much to the interest of the reader. The reading would have been 
more conservative, however, if some of the lengthy passages of quotation had been, at the 
least, curtailed or paraphrased. The detail in which techniques are described is also 
perhaps out of place. In the section on methods of diagnosis there is a full description 
of the history of the slit-lamp and the techniques of its use; similarly with physical methods 
of treatment such as iontophoresis and radiation therapy. For these it might be argued 
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with some reason that the practitioner who wishes to practise such methods would be 
well advised to study basic text-books devoted specifically to the subject. It would have 
been more useful, considering the excellence of the surgical section, if fuller details were 
given of the methods advocated for akinesia and anaesthesia. We are simply told (p.1,105): 
“ Alkinesia (sic) is obtained by the injection of the orbicularis either by the van Lint or 
the Barraquer method ”’. 

In places the author is somewhat uncritical, relying too heavily on a particular view- 
point. In the physiology of the cornea, for example, in discussing the relative deturg- 
escence of the cornea, although he points out opposing views, too much stress is laid on the 
manifestly erroneous theory advanced by Cogan and Kinsey that this property depends 
primarily on the relative impermeability of the limiting membranes to electrolytes. Some- 
what similar criticisms could be advanced regarding the theories advocated to explain the 
glycolysis of the cornea and its neovascularization. Occasionally a similar lapse occurs 
in the clinical sections. Thus the inclusion bodies of trachoma are said to occur in the 
basal epithelial cells as well as in the superficial cells, and to migrate into the subepithelial 
tissues, there to produce follicular growth; with this most observers would not agree. 
Filamentary keratitis is not always looked upon as an inflammatory disease; and so on. 
There are also some omissions. Thus, in describing the inclusion bodies of trachoma, 
no mention is made of the characteristic carbohydrate matrix; and all mention of the 
treatment of this disease is omitted, apart from incidental references in the sections on 
medical and surgical treatment. 

There are a number of misprints, some of them confusing concerning names: thus 
Hassall appears on p. 23 and Hassal on p. 24; Moore’s ulcer and Morren’s ulcer on the 
same page. The production of the book is good; the illustrations generally excellent. 
The practice of breaking up an illustration into a complicated and a simplified form on 
opposite pages is ingenious, but breaks down as in Fig. 78, where on one page a series of 
named pointers indicating nothing face a piece of apparatus opposite. The bibliographies 
are full and constitute one of the best features of the book, and the indices are 
unusually useful. 


Radio-Diagnosis in Ophthalmology (Radiodiagnostic en ophtalmologie). By E. 
HARTMANN and E. GILtes. 1955. Pp. 412, 497 figs. Masson, Paris. (5,000 Fr. 
frs; 5 guineas). 

There is no doubt that the ophthalmologist has need of much specialized radiography: 
not only does the interpretation of complicated radiographs of the neighbouring regions 
come into his province—the nasal sinuses, the sella turcica, and so on—but many of the 
x-ray pictures affecting his own particular specialty—such as those of the sphenoid fissure, 
the optic foramen, the lacrimal canal, and, more especially, foreign bodies within the eye—, 
Tequire techniques of their own which are by no means universally known. A volume 
which describes these without going into the vast territory of general radiography is there- 
fore of particular value, especially since the areas of ophthalmology, because of their 
somewhat restricted interest, rarely receive adequate attention in general radiological 
text-books. This undoubted need was not met until April, 1936, when Edward Hartmann 
prepared a special report for the Société francaise d’ophtalmologie which was published as 
“La radiographie en ophtalmologie, atlas clinique”. This volume rapidly became a 
classical reference, and now that it is long out of print and is no longer available, it is good 
that a substitute has appeared. The substitute does not retain the same character as 
Hartmann’s original volume; the latter was primarily for the ophthalmologist who wished 
to interpret the radiographs presented to him, but the present volume also gives in detail the 
techniques employed, meeting the needs not only of the clinician but also of the technician. 

The book, written by a clinician and a radiologist, is completely comprehensive for its 
purpose. It includes radiography of the orbit and its adnexa interpreted in the widest 
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sense, including the nasal sinuses and teeth, the lacrimal passages, the globe and intra- 
ocular foreign bodies, the sellar region, and the skull and spinal cord so far as ophthal- 
mological problems are concerned. The more specialized techniques are fully detailed, 
including bone-free radiography of the eye and the localization of foreign bodies (for 
which Porcher’s method is advocated), arteriography, ventriculography, encephalography, 
cisternography, and phlebography. The writing is excellently clear and unencumbered 
by an excess of detail or by descriptions of unnecessary alternative methods; the illustra- 
tions are numerous, informative (not universal in radiographic texts), and excellently 
produced; a useful bibliography is appended and the indexing is good. The book is 
unique and indispensable, and ophthalmology is much in the debt of the authors. 


Books RECEIVED 


Anthropological and Ophthalmological Studies of the Angmagssalik Eskimoes. By E. 
SKELLER. 1954. Pp. 231, 21 figs, 7 plates, bibl. C. A. Reitzels Forlag, 


Copenhagen. 
This book has been reviewed in Ophthalmic Literature (1954), 8, 851. 


OBITUARY. 


WILLIAM HAROLD ROWE JEREMY 


W. H. R. Jeremy died very suddenly from a coronary thrombosis at his home at Pinhoe 
near Exeter on December 27, 1955, in his 47th year. He was the only son of the ophthalmic 
surgeon, the late Harold Rowe Jeremy, F.R.C.S. 

After taking his M.B., B.Ch., at Cambridge, he became ophthalmic house surgeon at 
Bart’s and subsequently house surgeon at the Royal Westminster Ophthalmic Hospital. 
During the second world war he served as ophthalmic specialist in the R.A.F.V.R. and 


took his D.O.MLS. in 1943. 

In 1946 he was appointed assistant surgeon to the West of England Eye Infirmary, 
Exeter, and surgeon in 1948; he was also ophthalmic surgeon to the North Devon 
Infirmary, Barnstaple, and to the West of England Institution for the Blind in Exeter. 

Jeremy was always a most conscientious and competent oculist. He was a perfect 
colleague, essentially friendly and kind-hearted, and if he had a fault it was that he was 
too kind, and found it almost unbearably difficult to break bad news to a patient. 

The sympathy of everyone will go out to his widow, and to the three young children he 


leaves behind him. 


GEORGE ARTHUR BROOKES 


GEORGE ARTHUR BROOKES died on August 16, 1955; he was born at Brisbane on February 
22, 1880, educated at Brisbane Grammar School, and entered the Queensland Public Service. 
At the age of 22 he entered the University of Sydney, where he had a brilliant career and 
graduated in 1907. During the first world war he served in France and England with the 
Australian Imperial Force. In 1920 he went abroad for post-graduate study; he gained 
the F.R.C.S. (England) in 1921, and then, attracted to ophthalmology, worked in London 
at Moorfields Eye Hospital, and in Vienna, and gained the D.O.M.S. (London) in 1923. 
On his return to Australia he became honorary ophthalmologist at the Royal South 
Sydney Hospital, St. George District Hospital, and Lidcomte Hospital. 











sit. J. Ophthal. (1956) 40, 193. 


COMMUNICATIONS 


HISTORIES OF SOME EYE CONDITIONS AND THEIR 
GENERAL MEDICAL BACKGROUND* 


BY 


EUPHAN MAXWELL 
Dublin 


N examining material which has accumulated over the years, I have decided, 
‘for the purposes of this communication, to place the emphasis on the indi- 
vidual case and its follow-up. I have already published some of these cases, 
make no apology as they are viewed here from a somewhat different 
'angle. Iam indebted in regard to the general medical findings and diagnoses 
fo a number of colleagues in various branches of the medical profession, and 
some of the earlier histories to the private records of my father, the late 


| Patrick W. Maxwell. 


SPACE-OCCUPYING LESIONS 

INDARY INTRA-OCULAR TumouRS.— During the period 1928-39 I examined four 
women with tumours of the choroid secondary to carcinoma of the breast. The 
| average interval between the operation for the removal of the breast and the 
| discovery of the intra-ocular tumour was about 2 years. I found in one of these 
" patients, who had been admitted to hospital suffering from fits, that the right eye, 
' in addition to an intra-ocular tumour, had complete ophthalmoplegia. It would 
_ seem from her history that metastases had developed in the brain and eye more or 
_ kss simultaneously. In two of the patients, tumours developed in the second eye 
after intervals of approximately 3 and 5 months, respectively. None of these 
' patients survived longer than a few months after the development of the intra- 
" ocular condition. 
__ The two following histories have an especial interest in that metastases appeared 
| before the primary site was known. 


| @) In October, 1942, a woman aged 53 gave a history of recent failure of vision in the left 
_ @e. I found a swelling on the temporal side of the fundus, and transillumination was 
_ Positive. The right eye was normal. 
~ Inthe absence of any adverse general signs and symptoms it was decided to remove the 
tye. The pathologist reported a “‘ slightly pigmented tumour of the choroid consisting of 
@ithelioid cells with an alveolar arrangement—emboli were noted in two vessels; the 
findings were suggestive of a laryngeal growth”. 
| In January, 1943, the patient returned with failing vision in the right eye, which was 
3 due, as I found, to a tumour on the temporal side of the fundus. Again a general medical 
| @amination failed to locate a primary focus. In the following February, however, 
_ Signs and symptoms of tumour of the lung emerged, and from the clinical viewpoint the 
3 focus was now located. The patient had suddenly developed a cough with blood-stained 
| Sputum, breathlessness, and pain in the back. X-rays revealed absence of movement in 
| the left diaphragm and displacement of the heart. At her own wish she left hospital and 
_ turned home. She died 2 months later. There was no post-mortem examination. 





*Received for publication October 8, 1955. 
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(2) In April, 1951, a woman aged 51 gave a history of eyestrain when reading, and recent 


slight attacks of photopsia. I found greyish streaks running more or less horizontally 
just below the upper branches of the retinal vessels in the left eye, the area involved being 
more extensive on the temporal side. The right eye was normal. 

A tentative diagnosis of choroiditis was made, but no signs or symptoms suggestive of a 
cause could be detected. 

She returned about 6 weeks later with visual acuity in both eyes markedly defective: 
right 6/24, J.6.; left 6/18, J. 4. . The right fundus was now similarly affected except that 
only the temporal side was involved. Small oedematous patches in association with the 
arterioles were visible in both fundi. The patient admitted at this stage to having had an 
occasional pain in her left side with a slight cough during the past few months, but re- 
peated x ray of the lungs proved negative. I saw her last in October, 1951, and noted that 
the fundus lesions were now pigmented and apparently stationary, and that macular 
vision had grossly deteriorated. She was found dead in bed one morning in January, 
1952, and an inquest was held. The report on the ocular pathology mentioned “ large 
metastatic choroidal carcinomata, sphenoidal-celled type, with several areas of somewhat 
dense fibrous stroma ”’. A subsequent report on the lungs stated that both were affected 
with a “ primary calcifying carcinoma, the appearances suggesting a very slow rate of 
growth ”’. 


PRIMARY ORBITAL TUMOURS 

(3) In 1917, a woman aged 40 developed recurrent pains in the left eye and neighbour- 
hood. She did not seek advice until 1922 when I found slight exophthalmos and was able 
to palpate a soft mass in the lacrimal gland fossa. The vision and ocular movements 
were normal. 

It is obvious now that I should, at this stage, have attempted to remove the mass and 
have the area treated with superficial x rays. In the event, only the latter was tried, and 
it proved successful to the extent that, while the exophthalmos remained, the patient had 
no further trouble until 1926 when the pain returned. I then found gross exophthalmos 
and limitation of movement in the lateral direction. Marked congestion of the retinal 
veins provided further evidence of retrobulbar pressure. The radiologist suggested 
radium therapy and this was followed by a dramatically rapid, but transitory, improvement. 

Later the eye developed uveitis with secondary glaucoma, and was removed, together 
with the accessible portion of the growth. The pathologist reported ‘“‘ cylindroma of the 
lacrimal gland”. The socket was treated with radium, and the patient had a further 
respite until 1930, when metastases appeared in the left parotid gland and left side of the 
skull and spine. Two months later she became comatose and died in a few days. 

(4) In 1933, a woman aged 41 developed recurrent attacks of “‘ redness and swelling ” of 
her right eye. A year later she was admitted to hospital, the eye having become suddenly 
markedly proptosed and completely blind. I found a commencing panophthalmitis 
which obscured any view of the fundus; the globe was immobilized. X rays of the skull 
and nasal sinuses were negative. A general medical overhaul failed to reveal any evidence 
of metastases. 

The outlook was obviously hopeless and the eye was removed as it was likely to become 
painful in the near future. The pathologist reported “ round-celled sarcoma of the orbit 
with invasion of the optic nerve; pigment cells not a marked feature ”’. 3 

A course of deep x rays resulted in a satisfactory shrinkage of the orbital tissues, but 
in about 3 months she returned with a gross protrusion of the tumour between the lids 
and suffering extreme discomfort. Again no evidence of metastases was found. Further 
x-ray therapy proved useless and exenteration of the orbit was done as a relief measure. 
This was followed by leucocytosis, a spiky temperature, and the dramatically rapid develop- 
ment of two readily palpable nodules in the liver. A lumbar puncture showed no sign of 
raised intracranial pressure. The patient died a few days later. 
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INTRACRANIAL MID-LINE TUMOURS.—Modern methods of localizing intracranial 
lesions have considerably reduced the importance of perimetry, with the exception 
of mid-line lesions, where its diagnostic and prognostic help is still invaluable. 
Under the heading “‘ Disorders of the Endocrine Glands ”’ instances of pituitary 
tumours, with the signs and symptoms associated with direct pressure on the 
chiasma, are noted. The two cases recorded here are instances of “‘ neighbour- 
hood ” and “ distant ” pressure effects, respectively. 


(5) In 1920, a boy aged 2 was treated with pituitary extract on account of stunted growth. 
At the age of 9 he was sent to school and was thence referred to me on account of defective 
vision. 1 found both discs pale, especially the left. Visual acuity was 6/12 in the right 
eye, and counting fingers in the left. There was asymmetrical bitemporal hemianopia. 
X rays showed a normalsella. A pituitary stalk tumour was postulated, but, in the absence 
of headache, an operation was not considered justifiable. The shape of the fields now 
began gradually to change, and by 1931 had assumed the form of a right incongruous 
homonymous hemianopia. It was also about this time that pareses developed of the 
right foot, hand, and lower part of the face. An exploratory operation revealed a growth 
involving the temporal half of the posterior end of the left optic nerve and extending into 
the left optic tract. The growth, which was removed in two stages, was reported as a 
“glioma ”. 

The last time I saw the patient, then aged 33, was in 1951. Visual acuity was 6/18 and 
J.4. in the right eye, and perception of light in the nasal field in the left. He was ap- 
parently so used to the field defect and slight pareses on his right side that they gave him 
comparatively little trouble. Despite obesity his general health seemed good. His 
height was approximately 4’ 8’. He seemed quite intelligent. His main difficulty was, 
as it had always been, an inability to concentrate for any reasonable time; this had 
inevitably prevented him from undertaking sustained work. 


(6) In 1927, a woman aged 35 developed amenorrhoea and slight numbness of the left 


arm. Some months later the left leg became similarly affected and she began to suffer from 
defective vision, drowsiness, and occasional vomiting. I examined her in 1929 and found 
mild swelling of the optic discs, vision in both eyes reduced to counting fingers, and 
bitemporal hemianopia. X rays revealed absorption of the posterior clinoid processes. 
A further finding, of subsequent importance, was a lump on the top of her head, slightly to 
the right of the mid-line—this the patient told us had appeared some months before, after 
a knock on that area. 

Tapping the lateral ventricles furnished no evidence of raised intracranial pressure, 
but resulted, nevertheless, in all-round improvement. Papilloedema was replaced by slight 
optic atrophy, and though there was no change in the visual acuity in the right eye, the 
left improved to 6/12. At this stage the shape of the fields began to change, settling 
finally into an asymmetrical inferior altitudinal hemianopia. 

Some months later there was a relapse. Papilloedema recurred and the right eye be- 
came completely blind. The left hand lost all sense of touch and “ grasping and groping ” 
was noted in the left foot. As some space-occupying lesion affecting the anterior half of 
the right frontal lobe seemed obvious, the patient consented to operation. A large piece 
of bone, with the major part of an underlying growth, was removed at the site of the afore- 
mentioned lump, and the area was then treated with a course of deep X rays. 

The growth was reported an “ endothelioma ”. Its removal was followed by disap- 
pearance of the papilloedema, return of light perception in the right eye, and improvement 
in the left limbs. About 18 months later she wrote to the effect that she was able to read 
with the left eye without any difficulty, that she could still see light with the right eye, and 
al though there was a weakness on her left side she could “‘ get about with the help of a 
Stick *’, 
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INTRACRANIAL ANEURYSMS.—The emphasis in the three following cases is on the 
visual defects. The diagnoses of posteriorly situated cirsoid, supraclinoid, and 


subclinoid aneurysms, respectively, were based on clinical evidence. 


(7) In 1951, a man aged 40 was admitted to hospital in a comatose condition. On re- 
gaining consciousness he was found to be blind; the pupils reacted normally. Upward 
vertical and left lateral conjugate palsies were present. Other findings were subarachnoid 
haemorrhages, encircling the left optic disc and presenting at the upper nasal edge of the 
right disc, and blood in the cerebrospinal fluid. A fortnight later the latter was still 
present and the retinal findings unchanged. The patient was now becoming drowsy, and 
he died a few days later. 

(8) In 1936, a woman aged 54 had recurrent attacks of headache which “ would last a 
whole day ”. Some 10 months later, while lifting a sack of potatoes, she experienced a 
“* sudden terrible pain ” on the right side of her head and neck extending towards the left. 
Her right eye became blind and for a few seconds she could see nothing with the “ outer 
half ” of the left eye. She then became unconscious and woke up in her bed where she 
remained for some weeks. 

On her subsequent admission to hospital, I found the right eye blind and visual acuity 
4/60 in the left. Owing to her general weakness it proved impossible to test the left field. 
Both optic discs showed slight pallor. An x ray of the chiasmal region was negative. 
Dependent on an improvement in her general health, and on what angiography might 
subsequently reveal, ligature of the right common carotid was considered. About a 
month later, however. she died suddenly from the effects of a cerebral haemorrhage. 


VISUAL DEFECTS ASSOCIATED WITH RETINAL DISTURBANCES.—The result of pressure 
on the venous back-flow by subarachnoid haemorrhages would seem to be usually of 
a transitory nature. In this connexion it is interesting to note the different end- 
results in the two eyes in the following case. 


(9) In 1931, a woman aged 46 was admitted to hospital with a recent history of vomiting 
and defective vision. An x ray of the skull was negative; blood was present in the cerebro- 
spinal fluid. I found a gross pre-retinal haemorrhage in association with congestion of the 
central retinal vein in the right eye, and dense clouding of the vitreous, obscuring any view 
of the fundus, in the left. Complete palsy of the left 3rd nerve developed 3 months later. 

In 1932 the nerve was showing signs of recovery and the visual acuity in the right eye had 
become normal; there was no change in the left eye, the vision being hand movements. 

In 1939 I had an opportunity of examining the left eye further; the clouding of the 
vitreous was as dense as ever, and the eye was now diverging. 


In associated ocular palsies the 3rd nerve is most frequently involved. The 
horizontal movements may recover more rapidly than the pupillary and vertical. 
The following is an instance of a time-lag in the latter. 


(10) In 1935, a man aged 49 developed a violent headache and double vision in associa- 
tion with a complete palsy of the left 3rd nerve. The symptoms disappeared after ligature 
of the left common carotid. When I saw him in 1938 pupillary and horizontal movements 
were completely restored, but double vision was still present in the extreme vertical 
positions. 

In the next case the 6th nerve was involved. 


(11) In 1947, a woman aged 61 developed attacks of giddiness. In the following year she 
was admitted to hospital suffering from severe headaches. Blood was present in the 
cerebrospinal fluid. Rest in bed effected a rapid recovery, the only untoward incident 
being a transitory palsy of the left 6th nerve. 
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She was re-admitted to hospital 3 months later in a state of collapse. I found bilateral 
palsy of the 6th and of the medial branch of the left 3rd nerve. General findings were 
blood in the cerebrospinal fluid, rigidity of the neck, pains in the arms and back, and 
slight calcification of the sella. As the blood pressure was 180/110 and retinal arterio- 
sclerosis was present, surgical measures were not considered. The double vision and 
various pains gradually disappeared over a period of some 2 months. 

In 1951, she developed headache on the right side and there was a return of double vision. 
She was again admitted to hospital, and I found complete palsy of the right 3rd nerve, 
There was no blood in the cerebrospinal fluid on this occasion. Ina few days she went 
home, the headache having disappeared, and the nerve already showing signs of recovery. 


DISORDERS OF THE ENDOCRINE GLANDS 


PITUITARY ADENOMATA.—The first of these cases is an instance of hyperpituitarism, 
the second and third of hypopituitarism. The fourth may be classified as an 
anomalous type. The diagnosis of tumour rested on the general findings, more 
particularly the visual field defects and x-ray appearances of the sella turcica. I 
have no follow-up of cases in which surgery was employed. 


(12) In 1938, a woman aged 38 noticed signs of progressive acromegaly. In 1950 she 
developed headaches and occasional epistaxis and herself noted the loss of her left temporal 
field. Investigations revealed a raised blood pressure and enlarged sella. The question 
of surgery was discussed, but, being a widow with three children still dependent upon her, 
she decided to take the lesser risk and give radio-therapy a trial. I saw her some weeks 
after the completion of the first course and found visual acuity 6/6 and J.1 in the right eye, 
and counting fingers in the left; there was slight pallor of the disc. An asymmetrical 
bitemporal hemianopia was present. During the following 18 months, despite a brief rise 
in blood pressure with an associated arterio-sclerotic retinopathy, there was a gradual 
all-round improvement. Visual acuity in the left eye rose to 6/9 and J.1, and the fields 
became almost normal. Then came a relapse, and a second course of radiotherapy 
was given. The resultant widening of the fields and fall in blood pressure was much more 
rapid on this occasion, but a relapse occurred within a few months, and a third course was 
given with good results. 

Stated briefly, the findings (normal vision of both eyes and wide fields) remained stationary 
within the period March, 1953, to May, 1955, but it was otherwise with her general health. 
She developed pyloric and duodenal ulcers, and more recently attacks of drowsiness and 
depression. In December, 1954, her blood pressure was 250/140. A fourth course of 
tadiotherapy was given, and this was followed by a great improvement physically and 
mentally. A recent x ray of the sella showed marked increase in size, particularly 
posteriorly; pressure is obviously shifting away from the chiasma and towards the 
hypothalamus. 

It is pleasing to be able to add that, despite these ups and downs, this woman’s hopes 
have been fulfilled. She has succeeded in maintaining the home and in helping her 
children in their start in life. 


(13) In 1920, a woman aged 46 gradually developed failure of vision, obesity, and pre- 
mature senility. She had had amenorrhoea for years and was a nullipara. In 1921 she 
consulted me on account of sudden loss of sight in her right eye. Visual acuity was percep- 
tion of light in the right eye, and 6/12 and J.2 in the left. Asymmetrical bitemporal 
hemianopia and bilateral retinal arterio-sclerosis were present; the sella was grossly en- 
larged. Substitution therapy in the form of thyroid extract was ordered and taken, 
probably very irregularly, throughout the following years. A few months later the vision 
in the better eye fell to 1/36, and the patient consented to a course of radiotherapy. 
Shortly after this, the vision in both eyes was 6/9 and J.2, but there was a relapse a year 
later, at which stage pallor of both discs was noted. A second course was followed by an 
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equally successful but equally temporary improvement. One morning in 1929 she woke to 
find herself ‘* stone blind ”, presumably as a result of a haemorrhage into the tumour. | 
noted bilateral arterio-sclerotic retinopathy. Not surprisingly, a third course of radio- 
therapy failed to restore any vision. In 1932 her otesity increased; and the sella was re- 
ported as completely destroyed. She became tedridden and died a few months later. 
There was no post-mortem examination. 

(14) In 1914, a woman aged 52 noticed failure of sight in the right eye; a doctor ordered 
her glasses which were “ useless ’’, and in 1917 another told her that the right eye was 
“‘ amblyopic ” and that “‘ nothing could be done for it’’. By 1920, when she consulted 
me, clues to diagnosis were emerging: headaches, loss of hair, and very definite pallor of 
the right optic disc. Visual acuity in the right eye was 6/36, and in the left 6/6 and J.1. 
There was asymmetrical bitemporal hemianopia, and the sella was enlarged. She was 
ordered substitution therapy, thyroid, and “‘ mixed gland” extracts, and proved very 
cooperative in carrying out the instructions In 1932, the eyes showed little change, but 
the sella was revealed as ‘‘ enormously enlarged ’’ and the headaches had increased in 
severity. Operation to relieve the latter was refused, and radio-therapy seems never to 
have been discussed. Later, she became lethargic and developed attacks of extreme 
drowsiness. In 1939, when she was aged 77, I heard that she was still alive—still existing 
would more aptly describe her condition. 

(15) In 1942, a man aged 46 developed difficulty in reading with his right eye ,his left eye 
having been defective for some years. Glasses having proved a failure, he came in 1943 
to consult me. Visual acuity in the right eye was 6/24 and J.6, with no colour perception; 
in the left eye it was reduced to counting fingers, and the disc was pale. There was 
asymmetrical bitemporal hemianopia, and x rays showed enlargement of the sella with 
evidence of bone destruction. A neuro-surgeon advised a trial with radiotherapy and, if 
that failed to stay the disease, operation at some later date. The patient himself was op- 
posed to operation whatever happened. In the event, a course of radiotherapy produced a 
favourable response within 3 weeks. Visual acuity in the right eye rose to 6/12 and J.2, 
with some return of colour vision, and gradually, over the next two years, the fields 
widened. There was no improvement in the central vision in the left eye. The position 
in 1947 was very satisfactory and the patient ceased to attend, at his own wish. 

In the spring of 1954, I asked him to come and see me. Visual acuity in the right eye 
was then 6/18 and J.4, with marked contraction of the temporal field; in the left it was only 
perception of light in the nasal field. There,was now pallor of both discs. Careful questioning 
revealed the recent development of attacks of drowsiness. An x-ray report showed 
“* pituitary fossa destroyed and ballooned”. A second course of x-ray therapy in October 
was followed by improvement in the right central and peripheral vision. In May, 1955, 
I found that this improvement had been maintained, but the patient’s general health 
seemed to be failing. He had just recovered from an attack of arterio-sclerosis obliterans 
in both legs, and slight cardiac weakness was reported. The accumulated findings sug- 
gested that the tumour was now extending in the direction of the hypothalamus. 


THYROID GLANDS.—In the three following histories, various points of interest 
emerge in connexion with exophthalmic goitre: 


(16) About 1900, a woman aged 23 had her right eye removed on account of “‘ secondary 
glaucoma ”’. In 1929, then aged 52, she consulted me on account of a recent sensation 
that the glass eye was being pushed out of the socket, and about 3 weeks later her left eye 
became proptosed. An x ray ofthe orbits revealed nothing abnormal. It now seemed 
clear that the retro-orbital tissues were exerting a forward pressure on both the living and 
the glass eye. There was no palpable swelling in the neck but she was emotionally un- 
stable, and treatment for exophthalmic goitre would have been justified. The patient 
proved her own worst enemy. She rushed all over Europe seeking advice from many 
physicians, and never taking it. Eventually, she consented to a course of iodine, which 
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resulted in a dramatically rapid disappearance of the exophthalmos. Unfortunately, a 
widespread phlebitis developed shortly afterwards, and this was followed by pneumonia, 
from the effects of which she died. 


(17) In 1931, a woman aged 39 developed a slight exophthalmos of the left eye, together 
with a rapid pulse and general nerviness. In 1932, she had a course of x-ray therapy 
followed by a partial thyroidectomy. This resulted in a gratifying improvement in her 
general condition, but a marked exophthalmos developed shortly afterwards in her right 
eye, while that in the left increased; 6 months later a reading of 24 mm. was obtained with 
the exophthalmometer in both eyes; after another 6 months there was no change. The 
case was not followed further. 


(18) In 1945, a woman aged 34 developed tachycardia, fatigue, and slight bilateral ex- 
ophthalmos. She was treated with thiouracil and, though her general condition improved, 
some weeks later she developed “double vision” when looking at near objects on “ the 
right hand side’. Where one or more muscles may become involved in a generalized 
orbital oedema, exact location may be difficult. My findings did no more than suggest that 
the medial and both vertical recti in the left eye were the ones mainly affected. The double 
vision disappeared in a few months, and when I saw her 3} years later, she reported that 
she had had no further trouble with her health. 


Histories are appearing in the literature of patients who have developed thyroid 


* disturbances after treatment with para-amino salicylic acid (P.A.S.). The following 


case is suggestive: 


(19) In 1937, a woman aged 27 developed a bilateral uveitis of the chronic tubercular type. 
She had frequent subacute attacks throughout the succeeding years, and during one of 
these, in the autumn of 1952, I decided to try P.A.S. in association with streptomycin. 
The course extended over 2 months without effecting any obvious improvement in the eye 
condition. Approximately 3 months later, she developed a swelling in her neck and 
other signs and symptoms of thyrotoxicosis, including slight bilateral exophthalmos. 
Investigations revealed a basic metabolic rate of + 33. Her doctor ordered Neomer- 
cazole, and a year later reported “‘ complete clinical recovery’. During this attack, 
there was a remarkable clearing of the ocular media, and there has been no flare-up of the 
uveal condition up to the time of writing—that is, approximately for 24 years. This is the 
longest quiescent period in the history of her uveitis. The thyrotoxicosis seems to have 
acted as a beneficial stimulant. 


SUPRARENAL GLANDS.—This is the only case of Addison’s disease with ocular 
complications of which I have a record. 


(20) In 1950, a woman aged 32 had an attack of “ influenza ”, which was followed by re- 
current weaknesses and vomiting in association with low blood pressure, and generalized 
yellow pigmentation of the skin. Desoxycortisone acetate was prescribed. After some 
months, she developed a mild attack of iritis in the left eye, and 3 weeks later an attack in 
the right eye. These attacks responded rapidly to local treatment, but in the spring of 
1951 she became suddenly comatose and died shortly afterwards. 

PANCREAS.—Diabetes presents many points of interest. It is thought that the 
appearance of the disease is frequently preceded by a long subclinical period during 
which various manifestations of disordered metabolism may appear. The fol- 
lowing case is suggestive: 

(21) In 1906, a woman aged 54 noticed a sudden increase in size of two xanthomatous 
patches which had been present, one on each upper lid, for some time past. One of them 
became so large that it had to be excised. In 1915, she consulted me about glasses. The re- 
maining patch had not changed in any way, and she seemed in excellent health. In 
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1926, she returned on account of defective vision, and I found marked diabetic retinopathy, 
with gross glycosuria and albuminuria. Clinical diabetes had obviously been present for 
some considerable time. 

The disease is now accepted as a phase in a generalized disorder of the endocrine 


system, rather than as an entity. 


(22) In 1912, a woman aged 30 was found by chance to have diabetes, and insulin was 
given as from 1926. In 1936, she developed exophthalmic goitre, and subsequently had a 
thyroidectomy. When I saw her in 1947, I found diabetic retinopathy; this was later 
overlaid by an arterio-sclerotic retinopathy in association with raised blood pressure. By 
1955 her vision had been still further reduced by incipient cataract, but her interest in life 
was as active as ever. 

I have only three instances of associated ocular palsies in my records, and it 
seems probable that, in the first two, the association was with an existing arterio- 
sclerosis rather than with the diabetes. 


(23) In 1951, a man aged 53 began to suffer from “ sore feet’. When, some months 
later, he developed double vision, he consulted a doctor. Investigations in hospital re- 
vealed diabetes, and decalcified areas in some of his toes. One toe had to be amputated on 
account of necrosis. I found a palsy of the right 6th nerve, and a mild retinal arterio- 
sclerosis. | He was given insulin, and 3 months later the palsy had practically disappeared. 


(24) In 1932, a man aged 60 developed double vision. He told me that for some months 
past he had been suffering from diabetes. I found a palsy of the left 6th nerve, and 
medium retinal arterio-sclerosis. The palsy disappeared in about 6 months. 


(25) In 1927, a woman aged 64 developed double vision. She had suffered from diabetes 
for some years. I found a bilateral palsy of the 6th nerve. There was no evidence of 
arterio-sclerosis in this case. The palsy disappeared in about a month. 


Neuritic pains would appear to be a fairly common complication, but not, I 
think, in connexion with the following ocular condition: 


(26) In 1952, a woman aged 68 was admitted to hospital with pains in her right thigh: 
Diabetes was discovered, and it was found possible to stabilize the condition with dieting. 

The pains gradually subsided, but reappeared after some months, this time in the right 
shoulder. Some weeks later, her right eye became red and painful. This, I found, was 
due to episcleritis on the nasal side. Cortisone ointment was ordered, and the condition 
gradually subsided. It was reported 14 years later that there had been no recurrence of 
the episcleritis. 

Retinopathy is naturally of major interest to the ophthalmologist, though he can 
do nothing to prevent its development or retard its progress. Granted that insulin 
would appear to have failed as a preventative, and that some other approach to the 
problem may yet emerge, two pertinent questions may be asked: has the last word 
in regard to insulin preparations been said? The answer lies with the research 
chemists. Is the existing insulin always given a fair trial? The answer, in regard to 
certain types of patient, is “No”. There are, for example, the deliberate de- 
faulters. Both my worst offenders in this respect had diabetic mothers, and 
seemed to have adopted a fatalistic attitude, having heard too much of what they 
should, and should not, do. Then there are those who wander amongst the doc- 
tors, with consequent loss of continuity in their treatment. Finally, there are the 
unfortunates who may become insulin-resistant, and those whose stabilization is 
upset by every passing physical or mental disturbance, as in the following example: 
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(27) In 1941, a woman aged 29 developed diabetes. She was much interested in her own 
very complicated case and, having some medical knowledge, frequently inte1laced pre- 
scribed treatment with ideas of her own. Being, apart from this, very intelligent, I thought 
she was just the person to give me a picture of the diabetic life from the patient’s point of 
view. Her cooperation was overwhelming—her letter covered 47 pages. 


If insulin is to be given a fair trial, the development of more and more “ diabetic 
centres ” seems indicated. 


DISEASES OF THE NERVOUS SYSTEM 


ENCEPHALITIS LETHARGICA.—During the years 1924-28, I had the opportunity of 
examining several patients admitted to hospital in the acute stage. In only one 
of the cases which did not survive the attack did I find associated eye conditions. 


(28) In 1928, a woman aged 40 was admitted to the eye hospital with a right retrobulbar 
neuritis, for which I could find no cause. Some time after this, she developed a right 
hemiplegia, and was finally admitted to a general hospital in a drowsy condition and with 
a spiky temperature. A diagnosis of encephalitis lethargica was made, and intravenous 
urotropin was given. A few weeks later she died. A post-mortem examination was 
obviously indicated in this obscure case, but the relatives raised an objection. 


The findings in two children who survived the attack are noted below: 

(29) In the first, there was a bilateral palsy of the 6th nerve, which had disappeared a 
month later. 

(30) In the second, there were a sluggish right pupil, bilateral vertical nystagmus, and 
marked weakness of convergence; these findings were still present 2 months later, but 
then only to a very mild extent. 


The following case is of interest because of the long history: 


(31) In 1925, a woman aged 30 became infected, and in 1935 I saw her in connexion with 
a paralysis of the accommodation. She had recently shown signs of Parkinsonism, and 


been ordered medicinal atropine. The accommodation became normal when the drug 
was stopped. When I next saw her in 1949, she had developed marked rigidity of the 
neck, and complete loss of convergence, and was now amental. She died suddenly in 
1953, but the cause was not determined. 


DISSEMINATED SCLEROSIS.—Histories of patients with this disease are often difficult 
to trace. The doctor/patient relationship may be ideal during a remission, but 
tends to disintegrate during a relapse, and with a new medical adviser continuity of 
records may be lost. In connexion with ophthalmological investigations, I am 
gratified to note that within recent years “ pallor of the disc ” as a diagnostic aid 
has lost ground. In the past I have often been asked to report on its presence: or 
otherwise in doubtful cases, but in the absence of perimetric tests, I have never 
ventured to give an opinion on such an equivocal sign. 

Despite a certain vagueness, the following four cases with their associated eye 
findings have some interest: 


(32) In 1905, a man aged 22 developed double vision when looking to the right. This per- 
sisted and, when I examined him in 1928 in connexion with glasses for reading, I found a 
sluggish right pupil and palsy of the right 6th nerve. The vision was normal. The 
patient informed me that he had been told years before that he had disseminated sclerosis. 
In 1932, I received a report to the effect that the patient had now developed a progressive 
atrophy of the right optic nerve. 
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(33) In 1936, a woman aged 24 developed double vision, which lasted for about 3 weeks, 
In 1946, this recurred and, as on the previous occasion, disappeared in a short time. In 
1949, after a severe emotional shock, her right foot became paralysed, but gradually 
recovered. In 1951, l examined her in connexion with a return of the double vision. Her 
doctor reported the case as either disseminated sclerosis or hysteria. I found a palsy of 
the left 6th nerve. Central and peripheral vision was normal—a screen test failed to reveal 
any scotomata. On this occasion, double vision persisted for about 5 months. In 1952, 
she experienced transitory sensory disturbances in her right arm and hand. She came to 
see me in 1955, at my request. She told me that she had had no further trouble with her 
eye; that her right leg was weak; and that she had a slight numbness in the fingers of her 
right hand. She added that she had long decided against submitting to any further general 
medical examinations, and so the matter rests. 

. (34) In 1945, a woman aged 34 had a sudden transient attack of double vision, and 2 
months afterwards, she noticed a blur over the sight of her right eye; this became gradually 
worse, and eye movements became painful. When I saw her a week later, the visual acuity 
was reduced to counting fingers, the peripheral field and fundus being normal. In order to 
shorten this attack of retrobulbar neuritis, I gave her protein shock therapy. Within a 
week, the vision had improved to 6/9 and J.4._ A general medical examination revealed 
exaggerated reflexes on the right side, and a diagnosis of disseminated sclerosis was made. 
6 months later, the reflexes were normal, as was also the vision in the patient’s right eye, 
though a screen test revealed a relative enlargement of the lower part of the blind spot. 
In 1946, a slight paresis of one leg led to a reshuffle of doctors: In 1951, I heard that in 
1948 she had suffered from other slight pareses, all of a transient nature, but was now 
enjoying the best of health, and had had no further trouble with her eye. 


(35) Im 1950, a man aged 35 developed, quite suddenly, ptosis of the left lid and a 
nystagmus of the left eye when looking towards the right. These happenings were followed 
by “* double vision and slurring of speech ’’.. He was said to have recovered within a week 
but a fortnight later I was able to observe nystagmus with the eye in the extreme medial 
position, with naturally some associated disturbance of convergence. Some weeks after 
this, he was able to resume his clerical work, and in 1952 was reported as having had no 
further trouble with his health. Unless there are further developments, the diagnosis 


here is, of course, merely suggestive. 


SUBACUTE COMBINED DEGENERATION OF THE CORD.—This is my only record of 
associated eye trouble in this condition. 


(36) In 1935, a woman aged 51 began to experience difficulty in walking. Her doctor 
made the above diagnosis, and she was given liver injections. In 1936, her left vision be- 
came suddenly blurred, the defect gradually increasing. About a week later, I found the 
visual acuity to be 6/12 and J.4; the peripheral field was slightly depressed, and a screen test 
revealed an absolute enlargement of the blind spot below, and a relative enlargement ex- 
tending to the fixation point. The fundus wasnormal. I made a diagnosis of retrobulbar 
neuritis. Within 3 weeks, the vision had improved, but during 1937 there were two 
transient relapses. In this year, she was given vitamin B, but it caused a marked feeling of 
fatigue and had to be discontinued. In 1939, the vision was practically normal, but it 
was again somewhat reduced in 1941, when I noted slight pallor of the optic disc. In 
1953, her doctor reported that she had had no acute trouble with her eye since 1937, and 
that her general condition was practically unchanged. 


HERPES OPHTHALMICUS.—While the acute phase was severe objectively, this 
patient suffered little pain or discomfort; I suggest that this was the result of a high 
temperature acting as a self-made protein shock, the resultant stimulation of the 
body defences being established at a sufficiently early stage to buffer sensation. 
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(37) On June 5, 1950, a woman aged 71 developed a “‘ feverish chill’. The next day she 
complained of pain on the left side of the forehead, and 2 days later an extensive crop of 
vesicles, with the characteristic distribution of herpes ophthalmicus, appeared, extending 
to the tip of the nose and slightly involving the cornea. After 5 days, papules appeared 
on the right cheek and both arms, and were soon spreading in various directions. This 
new development was diagnosed as chickenpox. All this time, the temperature had been 
graduaily rising, and it was about 103°F. when the papules appeared. The two infections 
subsided quickly and without incident. The aftermath of neuralgia pains was practically 
non-existent, but the patient did develop a mild and transitory left iridocyclitis, and later 
palsies of the left 4th nerve and internal fibres of the 3rd nerve. The 4th nerve and ac- 
commodation recovered in a few months, but the pupil was still non-reactive and slightly 
enlarged 42 years-later. The incubation period being longer in chickenpox than in herpes, 
it would seem possible that these two virus infections developed more or less simultaneously. 


RETINITIS PIGMENTOSA.—In the first two cases, the emphasis is on associated nerve 
deafness, in the second two, on pituitary dysfunction. 


(38) In 1885, a woman aged 21 noticed defective distant vision, nightblindness, and slight 
deafness. A subsequent examination revealed myopia, typical retinitis pigmentosa, with 
medium all-round contraction of the fields, and attenuated retinal vessels, and nerve 
deafness. When I saw her in 1924 there were now posterior polar lental opacities. Later, 
I removed the right cataract, and a visual acuity of 6/9 and J.1, resulted, but this did not 
last long, as the fields gradually closed in almost to the fixation point, and a progressive 
optic atrophy developed. Before her death in 1939, she had become stone deaf and 
almost completely blind. 

(39) In 1905, a congenital deaf-mute aged 13 was examined in connexion with defective 
vision. He was found to have typical retinitis pigmentosa and a high degree of mixed 
astigmatism. Visual acuity with correction was 6/12. When I examined him in 1918 I 
found an increase in the myopic element; visual acuity with correction was only 6/60, and 
the left eye was tending to diverge. At this time there were already signs of mental deteri- 
oration, and in 1922, it was found necessary to put him in a mental home. 


(40) In 1935, a man aged 40 was admitted to hospital with a history of nightblindness for 
as long as he could remember, and increasing obesity during the past 5 years. I found 
retinitis’ pigmentosa of an atypical type, the pigmented areas being somewhat diffusely 
scattered and more numerous on the nasal side of the fundi. The central vision was 
normal, there was an asymmetrical bitemporal hemianopia. General findings included an 
enlarged sella and a basal metabolic rate of +54. X-ray therapy of the pituitary area was 
under consideration, when the patient died suddenly from a pulmonary embolism. A 
grossly enlarged pituitary tumour was found at the post-mortem examination, but no 
details as to type were available. 

(41) In 1939, a girl aged 15 noticed, since leaving school in the previous year, that her 
sight was failing and that she had developed nightblindness and increasing obesity. I ex- 
amined her in 1941 and found the visual acuity reduced to counting fingers. Retinoscopy 
showed hypermetropic astigmatism. She had retinitis pigmentosa of an atypical type, in 
that, in addition to the usual findings at the equatorial zone, there were pigmented areas 
grouped near the maculae. The retinal vessels were attenuated and discs somewhat 
pale. Perimetry was impossible owing to sluggish cerebration. General findings in- 
cluded a blood pressure of 145/85, weight 144 stone, and a somewhat small sella. In 
1942, her condition had further deteriorated, and her relatives were arranging to have her 
put in a mental home. 


DISEASES OF THE BLOOD AND LYMPHATIC SYSTEM 
ACUTE LEUKAEMIA.—The routine use to-day of differential blood counts, where a 
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diagnosis is in doubt, has revealed diseases of the blood itself at an earlier stage 


than formerly. The following three cases are instances of faulty initial diagnosis 


due to the absence of early blood tests. The familiar retinal picture, hemorrhages 
with white centres, was seen in both the types recorded here. It must, I think, be 
admitted that this finding plays a very small part in the general leukaemic pattern; 
it would seem to have no differential value, nor, in the final phase, any particular 


prognostic value. 


(42) In 1939, a woman aged 46 developed a sore throat and conjunctivitis. Some time 
later, she was admitted to hospital as a case of ““ Vincent’s angina”. A blood examination 
revealed a monocytic leukaemia, and blood transfusions were given. A week later, her 
left eye became suddenly proptosed, and then gradually receded. She died about 3 


weeks after admission, and at the post-mortem examination the marrow of the femur was 
found to be “‘ very cellular but with no evidence of chloroma in association with the 


periosteum ”. The orbit was, unfortunately not examined. It can, I think, be assumed 
that the proptosis was caused by a sudden gross haemorrhage. 

(43) In 1938, a woman aged 32 developed a bronchitis from which she never properly re- 
covered. About 2 years later, she developed headaches, blisters on her legs and lips, and a 
“ swinging temperature’. She was admitted to hospital with a diagnosis of “ septic- 
aemia~’. Examination of the blood and marrow revealed myeloid leukaemia. She was 
given blood transfusions, but died a few days after admission. 

(44) In 1940, a man aged about 35 developed a“ progressive weakness”. Some 4 months 
later, he was admitted to hospital as a case of “ pernicious anaemia ”. A blood examina- 
tion revealed a myeloid leukaemia. Blood transfusions were given, but death occurred 


a few days later. 


CHRONIC LEUKAEMIA 
(45) In 1935, a man aged 58 developed an increasing sense of fatigue. He was found to 


be suffering from a mild form of lymphatic leukaemia. In 1938, his general health began to 
deteriorate, and he was given courses of irradiation. This enabled him to continue in 
his profession for about 3 years, when it became apparent that the courses were now failing 
in effect. He developed a chronic bronchitis and, some weeks later, had a sudden epis- 
taxis in association with serious deterioration of vision in his right eye. In addition to a 
bilateral “‘ leukaemic ” retinopathy, I found a gross haemorrhage at the right macula, 
which explained the sudden deterioration of vision. He died 3 months later. 


APLAsTic ANAEMIA 

(46) In 1943, a woman aged 29 developed thyrotoxicosis, and later had a thyroidectomy. 
Her health continued to be “ poor ”’, and in 1949 she was admitted to hospital as a case of 
“ pernicious anaemia”. Investigations revealed aplastic anaemia. My examination of 
the retina showed somewhat enlarged veins, soft exudates, and haemorrhages, some of 
which had whitish centres. A blood transfusion caused no change, but a second was 
followed by marked improvement. She was given a course of these, and at the end of 
2 months, her red blood count had increased from 1 to 3 million, and haemoglobin from 
16 per cent. to 65 per cent. 5 years later, her doctor reported that she had been in good 


health ever since. 


SPLENIC ANAEMIA 
(47) In 1939, a woman aged 39 developed a feverish chill and loss of weight. On ad- 
mission to hospital, the genera) findings included an enlarged spleen, hypochromic anaemia, 


leucopenia, and a tendency to bleeding. Evidence of the latter was found in the fundi 
where numerous haemorrhages and some gross oedematous patches were visible. After 
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two blood transfusions, the retinal findings disappeared almost completely, and she 
developed a general sense of well-being, and, full of confidence, began to make plans for 
the future. Then came a relapse, and a few days later she was dead. She suffered 
severe mental distress in the last phase, and the question arises whether blood transfusions 
in advanced cases are not at times a cruelty rather than a benefit, 


RETINAL COMPLICATIONS IN EXSANGUINATION.—The rarity of this condition makes 
this case worth recording. 


(48) Some years ago, a man aged 65 was admitted to hospital suffering from weakness 
following recurient haemorrhages associated with a duodenal ulcer. About a week after 
the haemorrhages had stopped, he noticed defective vision in his right eye. I found 
slight pallor of the disc and oedematous patches above the macula. Visual acuity in the 
left eye was normal, but there was some oedema around the disc margin. A month later, 
visual acuity in the right eye was 6/9 and J.1, though the fundus findings had not quite dis- 
appeared. The left fundus was now normal. The patient had no further trouble with 
his eyes. He died at the age of 74 as the result of ‘‘ thrombosis of one of the large vessels 


near the heart ”. 


LyM1 HADENOMA 

(49) In 1942, a man aged 27 developed a swelling in the left maxillary region. This was 
excised, and the pathologist reported that one half consisted of “* tissue containing multi- 
nucleated cells suggestive of Hodgkins’ disease ”, while the other consisted of ‘‘ caseous 
tubercular tissue”. In 1945, he developed a’swelling in the left parotid region which 
disappeared after a course of x-ray therapy. In 1952, after an attack of diarrhoea, his 
left eye became blind, some vision returning 2 hours later. On admission to hospital 
about 2 days after this, I found a greyish swelling in the upper temporal area of the fundus. 
There was an associated gross haemorrhage extending downwards over the macula, the 
obvious cause of the defective vision. A screen test revealed a relative scotoma correspond- 
ing to the swelling. General findings included negative tuberculin tests and a normal 
blood count. An x ray of the left side of the face showed no bony erosion in the pre- 
viously affected areas. About a month later, visual acuity in the left eye was 6/24 and J.12, 
and 3 years later, it was 6/6 and J.1, with no trace of any disturbance in the fundus. This 
case is obscure, but so suggestive of the chronic form of Hodgkins’ disease with remissions, 


that it seemed worth recording. 


PRIMARY (‘‘ ESSENTIAL”) HYPERTENSION.—These three cases emphasize certain 
aspects of this condition. In each patient, a sympathectomy was performed. The 
first case illustrates the initial symptomless stage. 


($0) In 1941, a man aged 38 was found during an examination for life assurance to have 
a raised blood pressure. His heart and kidneys were normal. In .1945, he developed 
headaches. In 1950, he had a slight stroke affecting his right side; the systolic pressure 
at that time was 240. After a course of hexamethonium, the blood pressure fell, but it 
Tose again after 3 months, at which stage the sympathectomy was performed. 8 months 
later, he had no headaches and had practically recovered the use of his right limbs, and the 
blood pressure was stabilized at about 175/105. He had a mild retinal arterio-sclerosis. 
In 1954, though the tempo was slower, the patient was still carrying on his clerical work, 


The second history suggests that a hypertension, secondary to the toxaemia of 
pregnancy, was superimposed upon a primary one. 4 


(51) In 1942, a woman aged 29 was found, during a normal first pregnancy, to have hyper- 
tension. Her father had died of cerebral haemorrhage at the age of 62. In 1947, al- 
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buminuria was noted during the early weeks of a second pregnancy. Owing to extreme 
fatigue, she spent most of the period in bed. A colleague who examined the patient at 
one stage reported to me “‘ retinal angio-spasms ”. After the birth, she continued to suffer 
from excessive fatigue. In 1949, the findings were moderate cardiac enlargement, blood 
urea 82 per cent., a variable blood pressure (one reading was 212/136), and moderate retinal 
arterio-sclerosis. Sympathectomy was performed in this year. Her general health 


greatly improved, and approximately 44 years later she was reported as leading a normal 
life. 


The third case is an example of the danger in delay in seeking medical help, the 
patient’s eye “‘ changes ” being already irreversible when he was first seen. 


(52) In 1949, a man aged 52 was admitted to hospital with a history of general malaise, 
dizziness, and failing vision, these symptoms having increased during the past few months. 
His only brother had had a slight stroke at the age of 52, and, 2 years later, a second, more 
severe one, from which he died. His three sisters were healthy. The findings were a 
blood pressure of 195/110, slight cardiac enlargement, an increase in blood urea, and a 
bilateral arterio-sclerotic retinopathy especially marked in the left eye. After sym- 
pathectomy, the blood pressure fell, and there was a dramatic disappearance of the retinal 
haemorrhages with corresponding improvement in vision. The improvement in the 
right eye was sustained for about a year, but was only transitory in the left. Just over 2 
years after the operation, visual acuity in the left eye was reduced to light perception, the 
result of gross retinitis proliferans. That in the right eye was 6/12 and J.4, with marked 
retinal arterio-sclerosis and some degree of macular degeneration. His doctor reported 
at this time that, while the reduction in blood pressure had lasted for only 6 months after 
the operation, the patient no longer suffered from his former adverse general symptoms, 
provided he did not over-exert himself. 


I have seen a similar rapid disappearance of retinal hemorrhages in patients 
with primary hypertension before modern treatments came into use. The most 


striking instance however, was that of a case in which the diagnosis would seem 
to have been malignant secondary hypertension. 


(53) In April, 1940, a woman aged 34 developed albuminuria during a first pregnancy, and 
3 weeks later gave birth to a still-born infant. At that time, her fundi were normal. In 
September, a blood pressure of 270/155, cardiac enlargement, and marked retinal arterio- 
sclerosis were recorded. In December, she had an attack of cerebral thrombosis, ac- 
companied by an increase in the albuminuria. I found diffuse gross haemorrhages and 
oedematous patches in the fundi, with visual acuity reduced to counting fingers. Owing 
to her serious general condition, a further examination of the fundi was delayed for 2 or 3 
days and, by then, the picture had completely changed. The gross haemorrhages and 
oedema had disappeared, and of the retinopathy only a few minute haemorrhages and 
exudates in association with arterioles remained. The visual acuity in both eyes was now 
6/6 and J.1. The albuminuria had disappeared at this stage, but the blood pressure 
remained high. 2 months later, the patient died suddenly from the effects of a cerebral 
haemorrhage. 


DISEASES OF THE SKIN 


BASAL-CELLED CARCINOMA.—Some years ago, patients with gross destruction of 
the lids and neighbourhood, the result of neglected “‘ rodent ulcers ”, were to be 
seen quite frequently in any eye dispensary. This case is an instance of what has 
been achieved by improved treatment, and better public education regarding the 
danger of delay. 
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(54) In 1950, a woman aged 61 noticed a small reddish spot on the edge of her left upper 
lid. When a few months later it began to increase rapidly in the lateral directions, she 
sought advice. The growth lying astride the lid margin, a biopsy was not done, but the 
clinical appearance left no doubt as to the diagnosis. With the eye protected by a contact 
lens “* coated ’’ with lead, three x-ray exposures of the affected area were given. Some 
weeks afterwards, the growth had disappeared, with the loss of only three eye-lashes, and 
3 years later the patient reported “* all well”. 


SQUAMOUS-CELLED CARCINOMA 
(55) In 1939, a woman aged 58 had her right breast removed on account of cancer. Isaw 
her in 1940 with a slight swelling of the right upper lid; this proved transitory, but some 


months later a hard swelling appeared on the top of her head and later again similar 
swellings in both upper lids. At an examination in 1942, lid elevators proved necessary, 
but I found the eyes healthy, and vision normal. Her doctor described the condition 
as ‘‘ metastatic carcinomata of the skin’. A biopsy was not done. ~The patient had 
severe secondary anaemia, and the end was obviously near. 


(56) In 1951, a man aged 51 developed an ulcerated growth involving the outer third of 
the right lower lip. This was excised, and proved to be a “‘ squamous-celled carcinoma ”’: 
18 months later, some coal-dust blew into the left eye, and the slight trauma was followed 
by the development of an ulcer involving the conjunctiva at the upper limbus. This 
failed to respond to local antiseptic treatment, and eventually began to spread rapidly, 
mainly over the cornea. A biopsy of the involved tissue revealed ‘“‘ squamous-celled 
carcinoma. and small, round-celled infiltration”. Had a biopsy been done at an earlier 
stage, some form of radiation therapy might have helped, but, in the event, enucleation 
was now the wisest course, and as the eye had become very painful, the patient welcomed 
the suggestion. In 1955, I found the condition of the socket and lip very satisfactory. 
The eye condition may have been a metastasis, the injured site providing especially 
favourable soil. If so, the period of time since the excision of the lip cancer is hardly long 
enough to enable us to exclude the possibility of other metastases appearing in various 


places. . 


MELANOMA 

(57) In 1938, a man aged 46 noticed a slight discolouration of the skin at the margin of 
the left lower lid near the outer canthus. In 1943, this began to spread rapidly, and some 
months later, I found a pigmented growth involving the entire lateral half of the lid, 
together with two minute pigmented growths involving the conjunctiva near the inner 
canthus. A diagnosis of melanoma was based on the clinical findings, and its malignant 
character on the history of its recent activity. The radiologist was averse to either x-ray 
or radium therapy, and my advice as to exenteration of the orbit was not acceptable to the 
patient. I took a gloomy view of the man’s expectation of life, and was agreeably sur- 
prised to receive a report from his local ophthalmologist in 1950 that his general health 
was excellent, and that a slight increase in the conjunctival growths was the only change 
in the ocular condition. In the following year, however, invasion became apparent in the 
form of two growths, one on each side of the neck. A biopsy of one of these revealed 
“ malignancy ”, and in 1953 the patient died, approximately 10 years after the first sign 
of activity in the lid growth. 


LYMPHOMA 

(58) In 1937, a woman aged 76 was admitted to hospital with a conjunctival tumour oc- 
cupying the whole length of the right upper fornix and protruding beneath the lid. 
Similar smaller tumours were noted in both fornices of the left eye. ‘She stated that the 
swelling in the left lower fornix had been there for as long as she could remember, the others 
having developed within the past year. A biopsy showed “ lymphoma or possibly 
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lympho-carcinoma’”’. The blood picture was normal. A course of x-ray therapy 
having produced no effect, I excised the tumours in the upper fornices; there was no 
recurrence 6 months later, but towards the end of 1939 she was readmitted with a swelling 
of the left cheek invading the side of the nose and upper alveolar arch. Refusing a 
further trial of x rays, she returned home, and in 1941 her right cheek became similarly 
involved. She died the following year from “* general debility ”’. 


ALLERGIC CONDITIONS.—Owing to frequent allergic reactions, the use of the sul- 
phonamide ointments in bacterial skin diseases would appear to have been recently 
abandoned in favour of the antibiotics. The interest in the following case is, 
therefore, mainly historical: 


(59) In 1948, a man aged 23 developed small red patches on the skin in the neighbourhood 
of the right outer canthus. These caused considerable irritation, and sulphathiazole oint- 
ment was prescribed; 3 days later, owing to oedema of the lids, he was unable to open his 
right eye. I found marked oedema of the cornea, with a corresponding defect in vision. 
At this stage, the patient disclosed that, 3 years previously, he had been treated with a 
course of ultraviolet light for extensive impetiginous eczema. The recent skin condition 
was obviously a mild recurrence. Calamine lotion and benadryl were now prescribed, 
and within 3 weeks the oedema had disappeared, the vision had returned to normal, and 
the affected skin area had recovered; 4 months later, the patient reported ‘‘ no further 
trouble ”’. 


(60) In 1938, a boy who had suffered from infantile eczema since birth and was now aged 
24 complained of pain in his left eye. I found a group of small superficial corneal infiltrates 
the area becoming subsequently ulcerated with recurrences during the next 10 years. When 
the condition had finally become quiescent, he developed bilateral phlyctenular con- 
junctivitis, fortunately a brief attack. ; 

His two sisters, and other members of the family on the paternal side, also suffered 
from infantile eczema, asthma being present on both sides of the house. His eczema 
seems to have been much more severe and crippling than in the other members of the 
family. His mother stood between him and every difficulty which arose, and I thought 
she was making a mistake. The last time I saw him was in connexion with reading 
glasses, when he was aged 22. There seemed a marked all-round improvement in his 
general condition, but I noticed a new and disturbing element, in that he had developed a 
vindictiveness towards his mother for what she had made of him. 


CONTACT VACCINIA,—The cause, sleeping in bed with a recently vaccinated child, 
was similar in both these cases, but the course of the disease was very different: 


(61) In 1938, a woman aged 35 developed, about a week after contact, bilateral ulceration 
of the lid margins with an associated oedema of the lids. ‘I saw her shortly afterwards, but 
it was not until a month had passed, without improvement, that she consented to come 
into hospital. Rapid recovery followed hospitalization, and when I saw the patient in 
connexion with reading glasses 3 years later, she reported that shé had had no further 
trouble. 


(62) In 1942, a woman aged 49 developed pain in her left eye about 10 days after contact. 
A few days later, she was admitted to hospital with pyrexia, and I found a vaccination 
pustule on the lower lid. The oedema was so marked in both lids that it was impossible 
to examine the eye till the following day, when I noticed ulceration of the lid margins, and 
a keratitis involving the lower half of the cornea. She was given M and B tablets, and 
atropine and optochin ointment locally. The pustule healed rapidly, but the other con- 
ditions continued to give trouble for some weeks. The eye was quiescent 4 months later, 
at which date fusion of the lids at the inner canthus involving the puncta, and slight 
symblepharon in the neighbourhood, were noted. When I examined her in 1952 there 
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was nochange. She was opposed to any attempt at repair of the lids as her only trouble 
was ‘‘ watering of the eye” when she had a cold, and “ slight double vision on looking 
sideways ””. 


MISCELLANEOUS CONDITIONS 


TUBERCULOUS MENINGITIS.—The majority of the histories appear in my earlier 
records, the subsequent decline being due in part to the direct admission of such 
patients to a specialized fever hospital when possible, and in part to the lowering 
of the incidence of tuberculosis which has naturally been running parallel with the 
rise in the standard of living and improved methods for early diagnosis and 
treatment. 

Most of the patients I examined had been admitted to hospital in an acute stage, 
the disease proving rapidly fatal. I noted a papillitis in the majority of the child- 
ren, whereas a perineuritis was the more frequent finding in the adults. In one of 
the latter who survived longer than the others, I was able to observe the gradual 
development of optic atrophy. Bilateral palsy of the 6th nerve was noted in 
several instances. 

Since 1948, streptomycin has proved itself a potent weapon against tuberculosis. 
Unfortunately, the bacillus occasionally acquires a resistance to the drug, as is seen 
in the following history: 

(63) In 1951, a girl aged 15 was admitted to hospital suffering from miliary tuberculosis 
of the lungs. Streptomycin and P.A.S. produced a marked improvement when, approxi- 
mately 3 months after the commencement of the course, meningitis developed. My 
examination of the fundi at this stage revealed a scarred area in each eye, obviously the 
sites of choroidal tubercles which had developed in the early stages and succumbed to the 
initial treatment. There was a small fresh choroidal tubercle near the nasal margin of the 
left disc, and a very large one near the nasal margin of the right disc. The activity of the 
latter was evidenced by the fact that after a few days it was found to have invaded the nerve 
head. The patient died a few weeks later. 

Choroidal tubercles, while apparently having only a limited diagnostic value, 
may, as in this case, provide useful visual evidence of sudden changes in virulence. 


SYPHILIS.—In the earlier part of the period between the world wars, I examined a 
number of patients with oculo-motor palsies, optic atrophy, and Argyll-Robertson 
pupils. One man with tabes dorsalis had marked bilateral miosis, the only 
instance of the classical Argyll-Robertson pupil in. my records. 

The decline in the number of these patients in the general wards was due to the 
establishment of specialized centres. It may also be noted that since the intro- 
duction of penicillin the actual incidence of eye complications has fallen, since 
the drug tends to prevent the development of those later stages in which such 
complications usually occur. The two following cases show atypical features. 


(64) In 1911, a woman aged 40 developed spastic paraplegia and cystitis; she was known 
to have been suffering from syphilis for some years past. In 1915, a sudden violent head- 
ache was followed by the loss of the upper field of vision in the left eye. When I saw her 2 
days later, there was no perception of light, and slight pallor of the disc, and eye movements 
had become painful. She was given mercurial inunctions, and a week later could per- 
ceive light in the nasal field. ~ This was followed by a very gradual visual improvement. 
The interest lies in the fact that in this retrobulbar neuritis the initial visual defect was 
peripheral, not central as is usual; 7 years later the visual acuity was 6/18, and there was 
no appreciable change in her general condition. ; 
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(65) In 1951, a girl aged 15 developed pain in her left eye; I found a mild iridocyclitis, 
a small salmon patch at the limbus, and slight circumcorneal injection in the right eye. 
The uveitis cleared rapidly but an exceptionally gross bilateral interstitial keratitis, par- 
ticularly virulent in the left eye, developed. A Wassermann reaction was strongly posi- 
tive. In view of the girl’s age, it is not surprising that the interstitial keratitis was attributed 
to congenital syphilis, but subsequent inquiries brought to light that the disease had been 
comparatively recently acquired through sexual intercourse. The general treatment 
consisted of penicillin injections, and later mapharside and bismuth. A course of sub- 
conjunctival injections of cortisone produced an immediate and dramatic improvement 
in the right eye, which 3 months later was quiet, with a visual acuity of 6/9. At this stage, 
the vision in the left eye had improved from hand movements to 6/18, but this eye was 
still very irritable, and cortisone, in the form of ointment, was continued for some weeks. 
At her last visit to the hospital in 1953, her ocular condition was reported as satisfactory. 

With regard to congenital syphilis, the marked increase in interstitial keratitis 
after the first world war will be remembered. In the Dublin Eye Hospital an increase 
has also been noted since the second, though it is very slight in comparison. While 
the pre-natal clinic is a-valuable preventive agent, its work is limited; in order to 
avoid further tragedies, every fresh case should have its background fully in- 
vestigated. It is questionable whether the specialized centres are being utilized to 
the full in this respect. 


BACILLARY DYSENTERY AND GONORRHOEA.—These conditions have been grouped 
together, since the syndrome of conjunctivitis (hyperaemic type with little or no 
discharge), anterior uveitis, and polyarthritis may be associated with both. When 
stationed in Malta during the first world war, I had the good fortune to work 
with that keen observer, the late Mr. Walter Kiep. Detailed histories of six 
patients suffering from dysentery referred from the Balkan front to our ophthalmic 
department were published jointly (Maxwell and Kiep, 1918). All six had been 


infected with the Shiga bacillus; in the course of the disease all developed anterior 
uveitis, and four developed polyarthritis. Conjunctivitis was not noted, but it had 
probably disappeared before the men reached Malta, for observers at the front 
reported conjunctivitis to be an early and transitory association. Amongst the 
many cases we examined, there was only one whose subsequent history I was able 
to follow: 

(66) In 1917, a woman aged 30 became infected with the Flexner bacillus while nursing 
dysenteric patients in a hospital in Malta. On the sixth day, she developed a transitory 
conjunctivitis, and on the 37th a mild anterior uveitis. At no time had she any arthritis. 
We returned to the British Isles about the same time, and during the next 2 years I had the 
opportunity of observing a number of recurrent attacks. These became gradually milder, 
and the periods between them longer, and when I last saw the patient, they had practically 
ceased. Her vision was at no stage affected. 


While the verdict of dysentery was non-proven in the following case, the clues 
are interesting: 


(67) In 1918, a soldier aged 22 developed an acute attack of diarrhoea while stationed in 
Egypt. Neither he nor anyone else regarded it seriously. In 1934, after a hunting 
accident, his sight was “‘ misty ” for a short period. In 1945, while stationed in India, he 
developed bilateral anterior uveitis, and was invalided home, where a thorough investiga- 
tion, including that of the bowels, failed to reveal a cause. In this year he came under my 
care, and I observed recurrent,attacks, which gradually petered out in about 5 years. One 
of them was associated with pain in the right hand, another with “sciatica” in his left leg. 
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In 1955 he had an appendicectomy, and the operating surgeon reported thickening of the 
transverse colon which, in his view, supported a diagnosis of chronic dysentery. 

The exact date of the initial infection in these two cases of gonorrhoea was, 
unfortunately, not recorded, but their histories furnish examples of the syndrome. 
The success of antibiotic treatment in the early stage of this disease is apparently 
tending to give such cases a purely historical value. 


(68) In 1913, a man aged 40 developed bilateral conjunctivitis, anterior uveitis in the right 
eye, and polyarthritis. Recurrences were frequent, and in 1922 I examined him in the 
course of one. The uveitis was mild, and recovered rapidly with local treatment, and 
vision was not affected. In 1926, he consulted me about glasses and reported that during 
the past 4 years he had had several attacks of pains in the joints associated with reddening 
of the eyes. The latter was due, presumably, to hyperaemia of the conjunctiva. He added 
that the attacks were now so mild that he never bothered about them. 


(69) In 1921, a man aged 46 developed bilateral conjunctivitis, anterior uveitis in the left 
eye, and polyarthritis. I saw himin 1923 with a severe recurrence of the uveitis with hypo- 
pyon; arthritis in the lower limbs had also recently worsened, and he could only get about 
with the aid of crutches. The uveitis recovered in about a month, leeches having proved 
particularly helpful. In 1925, he had another attack of severe uveitis with hypopyon, 
and a recurrence of the arthritis. In 1930, he had a third attack, again with hypopyon, 
but the arthritis had then practically disappeared. The eye condition recovered in a 
fortnight ; there were no posterior synechiae and the vision had become normal. I did not 
see him again. 


REITER’S DisEASE.—This emerged as an entity in the second world war. It is 
hardly surprising that, with its associated syndrome of urethritis, conjunctivitis, 
and polyarthritis, it was apt to be confused, in the early days, with gonorrhoea. 


(70) In 1947, I examined a man who had contracted the disease while serving on the 
desert frent. While other signs and symptoms had long since disappeared, he was con- 
cerned with the persistence of redness of the eyes. I found the conjunctival hyperaemia 
very slight, and the condition was obviously on the wane. 


Sarcoiposis.—The following three cases instance some of the varied lesions 
characteristic of the condition: 


(71) In 1936, a man aged 29 had an attack of pyrexia, night sweats, and difficulty in 
breathing. X ray of the lungs was negative. He got better, but 3 years later had a similar 
attack ; x ray now revealed enlargement of the mediastinal glands and of the spleen, which 
accounted for the difficulty in breathing. Slight persistent albuminuria and occasional 
epistaxis were noted. Later, small nodules appeared on his face, and in 1943 I ex- 
amined him in connexion with small superficial translucent nodules near the lateral limbus 
of the right eye. There was slight secondary corneal involvement. The patient refused a 
biopsy of the conjunctiva. The left eye was soon similarly involved. In 1945, he developed 
an anterior uveitis of the right eye, with recurrent attacks during the next 2 years. I saw 
him last in 1949, when visual acuity in both eyes was normal, the right eye was quiet, 
and the bilateral conjunctival nodules had almost completely disappeared. He was non- 
cooperative in regard to a follow-up. 


(72) In the spring of 1939, a woman aged 30 developed pains in her back and abdomen, fol- 
lowed shortly by a painless swelling of the left parotid gland. On admission to hospital 
about 3 weeks later, x ray revealed ‘“‘ enlarged hilar glands but no parenchymatous 
changes”’. There was no pyrexia. A week later, the right parotid became involved 
and there was palsy of the right facial nerve. At this stage, I noted papilloedema in the 
right eye, and a few days later blurring of the nasal edge of the left disc. A month after 
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admission the parotid swellings had subsided. After 3 months, there was no improve- 
ment in the palsy, and the optic nerves still showed slight “‘ changes”. She left the 
country shortly afterwards but wrote in the autumn of 1940 that, while her eyes had been 
recently examined and found normal, there was still a slight weakness on the right side of 
her face. 

(73) In 1950, a man aged 36 developed a swelling of the parotid glands, the diagnosis be- 
ing one of mumps. When, 2 years later, there was a recurrence, followed by a persistent 
dryness of the throat and redness of the eyes, he was admitted to hospital, and I found a 
marked bilateral hyperaemia of the conjunctiva, with little or no discharge. The main 
general findings were a mild leucopenia and loss of weight, erythema nodosum involving 
both upper and lower limbs, and shotty glands in various places. A biopsy of one of 
these showed the nodules of epithelioid cells characteristic of the condition. X ray of the 
lungs showed typical diffuse mottling. The patient was treated with streptomycin and 
zinc sulphate drops for the conjunctiva, but there was no improvement. The addition of 
intramuscular injections of cortisone produced rapid results; within 3 days, the conjunctiva 
had become normal, and within a month, he was free of any adverse symptoms. 


The following case invites comparison with Cases 72 and 73; swelling of the 
parotids:-was a common finding, but developed after the ocular condition, and not 
before it. This was the only instance of a typical uveo-parotitis in my records. 


(74) In 1942, a woman aged 25 developed a sudden feeling of lassitude associated with 
pains in her shoulders. A few days later, her eyes became red, and I found a mild bilateral 
anterior uveitis. Some days later, she] developed a palsy of the left facial nerve, in 
association with a swelling in the parotid gland. 3 weeks later, a similar condition 
developed on the right side. X ray of the lungs was negative. The uveitis cleared up 
satisfactorily in about 3 months, and the palsies disappeared in about the same time, but a 
slight swelling of the glands persisted for: about 44 months. When I saw the patient in 
1954, she was married with three children, and had never had any further trouble with her 
health. 


The following is the only case in my records in which there would seem to have 
been a tuberculous association. 


(75). In 1940, a man aged 29 developed over a period of some months painful swellings at 
the tips of several fingers and toes. X ray revealed decalcification of the affected parts and 
enlarged hilar glands. Biopsy of the skin of the right thumb showed typical sarcoid 
“changes”. Tuberculin tests were negative. In 1941, the vision in the right eye be- 
came defective, and I found nodules lying anterior to the retinal vessels on the temporal 
side near the optic disc. Perimetry revealed corresponding scotomata. In 1942 Dr. 
David Mitchell published the case in detail (Mitchell, 1942). Subsequently, the eye con- 
dition deteriorated, and the nodules coalesced assuming a yellowish tinge. The choroid 
was now obviously affected, and later the entire uveal tract, as evidenced by a low-grade 
anterior uveitis noted in 1944. At this stage, the various skin lesions were quiescent. In 
1945, the patient developed tuberculous meningitis and died. 


EXOGENOUS POISONS.—These cases have some scarcity value. 


(76) In 1913, a man aged 30 developed defective vision. He was a heavy drinker and 
smoker. On the advice of an ophthalmologist, he reduced the drinking and gave up 
smoking. His vision improved, but eventually remained stationary at a subnormal level. 
In 1926, presbyopia accentuating his visual defect, he came to see me. The visual acuity 
with correction was 6/18 and J.4 in both eyes, and further examination seemed to confirm 
tobacco amblyopia, but there was no question but that he had strictly followed the advice 
given in 1913. The problem was solved by the information that he owned a tobacco shop, 
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and was constantly handling shag, a popular variety in the neighbourhood. I advised him 
to transfer this part of the business to his son, and 6 years later his doctor reported that the 
patient had done this, and that a rapid and permanent improvement in sight had followed. 


(77) In 1924, a retired doctor of over 80 years of age developed a rapidly progressive 
difficulty in reading. He consulted someone who asked him “‘what else could he expect at 
hisage”’. Hoping for something more concrete, he sought another opinion. My findings 
suggested tobacco amblyopia, and it emerged that he had been both a heavy pipe-smoker 
and a morphia addict for many years. Though at that time, I had never heard of tobacco 
amblyopia developing as such advanced age, I suggested that he should give up smoking. 
He agreed to do this with enthusiasm—he had feared I was going to pick upon the 
morphia—and 4 months later, he was reading with comfort. 


(78) In 1924, on a certain Monday morning, a man aged 44, employed as a porter in a 
drug store, found he had mislaid the key of the cupboard which contained “‘ absolute ”’ 
alcohol. For years he had been in the habit of drinking small quantities of this as a means 
of clearing his head after his routine weekend drinking bouts. Unluckily for himself, 
“ wood ” alcohol was available, and during the morning, he took sips of this, amounting in 
all to about 3 oz. About 9.30.p.m. his vision became blurred, but it was normal again in 
the morning. After his midday meal he had a slight and brief attack of vomiting. An hour 
later, he became blind. He was brought to the dispensary the following day. I found 
no light perception, the optic discs were somewhat pale and the edges blurred. It was not 
until the end of the fourth day that the patient revealed the above history. He was given 
strychnine injections and potassium iodide, but by this time it was too late, and he never re- 
covered any vision. Some weeks later, I found white cupped discs and constricted retinal 
vessels. Had the patient’s initial general toxaemic symptoms been somewhat more 
marked, he would presumably have sought medical help immediately, when a gastric 
lavage with sodium bicarbonate might have averted the tragedy of complete blindness. 

(79) In 1944, a woman aged 50 switched from whisky drinking to methylated spirits, at 
first because it was cheaper, afterwards because she preferred it. About 14 years later, she 
came to me on account of defective vision and “ nervousness”’. The visual acuity in 
both eyes was 6/60 and J.12. There were gross central scotomata, the peripheral fields 
were normal, and there was slight pallor of the optic discs. On my advice, she consulted a 
psychologist, who found peripheral neuritis in her feet and ordered vitamin B. He told 
me he could not help her further, since cooperation was lacking, as we had feared it would 
be. Her general health deteriorated, and 5 years later, she died in a state of utter misery 
and squalor. 

(80) In 1937, a woman aged 42 ate something which disagreed with her while on a visit to 
Russia. She developed a high temperature, and pains all over her, and some days later 
her right pupil became enlarged. A doctor diagnosed botulism. I saw her some months 
afterwards and found the pupil dilated and non-reactive to light and accommodation. 
In 1939, I found no change. About a year later, however, her daughter reported that the 
pupil was now no longer enlarged. 


PSYCHOGENIC , DISORDERS 

SHock.—During the years 1916-17, a number of soldiers suffering from this con- 
dition were transferred from the Balkan front to Malta. General symptoms such 
as headache, insomnia, anorexia, and fatigue, in various degrees, were common to 
all of them. In most of the cases referred to the ophthalmic department, we found 
depression of central vision, contraction of the white fields with spiral fatigue 
curves, and colour inversion, the blue fields lying within the red. Recovery was 
slow, extending, on an average, over 3 months. 

In the following case, that of a patient whose history revealed a somewhat 
similar nervous breakdown in the past, recovery was even slower: 
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(81) In 1917, a man aged 20 was forced to descend by parachute from an observation 
balloon which had been attacked by a Bulgar airman. On a second ascent, his balloon was 
again attacked, and had to be lowered to the ground. At this stage, he began to “ feel 
nervy”. Nevertheless, he was sent up again 2 days later. On this third ascent, the bal- 
loon was so tossed about by a gale that, to quote his own words, “ I had to crouch at the 
bottom of the basket to prevent throwing myself over the edge”. Being now inca- 
pacitated, he was transferred to Malta where, in addition to the various signs and symp- 
toms noted above, he was found to have exaggerated knee jerks, ankle clonus, trembling 
fits, a feeble grasp, bilateral paralysis of accommodation, and double vision in association 
with a periodic convergent squint. Hypnotism was tried without success. Some weeks 
later, he was able to tell us that, after a motor accident in 1911, he had developed an attack 
of chorea and stammering, which lasted for 4 months. When I left the island about 34 
months after his arrival there, he was only just beginning to show definite signs of 


improvement. 

Where the histories can be followed up, a background of organic disease may 
emerge, as in the following case: 2 

(82) In 1943, a girl aged 19 received a severe shock when a piece of plaster fell off the 
ceiling.and nearly struck her. The next day, she developed a severe headache and her vision 
became blurred; she was admitted to the local hospital, where at first meningitis was 
suspected, and a diagnosis of hysteria was made later. On returning home, she became 
completely blind, and was sent to the eye hospital in Dublin. 1 found no perception of 
light, the pupils were dilated and immobile, and the fundi normal. In order to let her feel 
that something was being done to help her, I put a drop of zinc sulphate in both eyes. 
Within an hour, the pupils were normal, and the visual acuity was 6/6 and J.1. This happy 
result proved permanent, but 2 years later she died of some form of tuberculosis. 1 
was unable to obtain further details. 


EMOTIONAL STATES.—It is by no means rare to find, in cases of trauma or organic 
disease, a diplopia in association with a transitory breakdown of convergence, or 
with the development of a transient manifest squint in patients with a previous 
heterophoria. The background in the following instance is, however, unusual: 

(83) Many years ago, a woman aged 26 developed eye-strain while studying for an ex- 
amination at the university. I found a low error of refraction and marked convergence in- 
sufficiency. She was unable to shorten the periods of study as advised, became nervy, and 
finally morbidly obsessed with the idea that she was incapable of the work. To her con- 
sternation, she suddenly developed double vision a week before the examination. When 
the matter was explained, she consented to having one eye bandaged until the eve of the 
event. Relieved of convergence strain, she recovered rapidly and passed the examination 
without difficulty. From the point of view of heredity, it is interesting that her father had 
had a nervous breakdown during his university career through a similar obsession. 

(84) In 1935, a girl aged 12 began to mope and lost her appetite. - Her parents had re- 
cently separated, and home, as she had known it, had ceased to exist. A diagnosis of 
hysteria was made. In the following year, her left pupil suddenly became dilated. I 
found an immobile pupil associated with loss of accommodation. A Wassermann reaction 
was negative. There was no change 3 months later, but, in 1937, I found that the pupil was 
smaller, and inequality was only noticeable when she was facing the window. The pupil 
still remained inactive to light, but contracted slowly on convergence, dilating still more 
slowly when convergence was relaxed. Accommodation was now normal. I did not, 
unfortunately, see her again, but a medical report in 1938 was to the effect that, while she 
had suffered recently from a mild attack of “ orthostatic albuminuria ”, her general health 
had greatly improved; the size of the pupil was not noted. 

(85) In 1946, a girl aged 8 developed a periodic concomitant divergent squint of the left 
eye. I found a low degree of hypermetropia and good stereoscopic vision. Eve exercises 
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were suggested, but the parents thought her too highly strung, and it was not till 1949 that 
investigations were carried out in the orthoptic department. Synoptophore readings 
showed abduction 15° and adduction 35°; that is, a divergence excess in association with a 
normal convergence. Though of questionable value, exercises were given a trial, but 
they had to be soon discontinued as she became extremely excitable and eye-conscious. 
When assured that her eyes were healthy and that she could rest them by holding things 
as far off as possible, the emotional state gradually subsided. In 1953, she developed a 
mild degree of myopia in her right eye and a suitable correction with a plane glass for the 
left eye was ordered for close work. About 18 months later, her mother reported that 
the child, now aged 16, was much more normal and had ceased to worry about her eyes. 


SENILE MELANCHOLIA 
(86) In 1949, a woman aged 72 became depressed after the death of her husband. Ske 
went to live with a son and completely recovered her spirits, until in 1952 he married and 


she found it impossible to get on with his wife. She then went to live with another daughter- 
in-law but found her equally difficult. While she was there the vision in her right eye 


suddenly failed. I found a partial thrombosis of the central retinal vein and a marked 
bilateral retinal arterio-sclerosis; her blood pressure was 195/120. Some months later, 


she developed melancholia and was admitted to a mental hospital. Electroplexy was 
considered and I was asked if the eye condition was a contraindication. In my then state 


of ignorance, I said that, in my opinion, it was, but because of her serious mental condition, 
it was decided to accept the risk. A course, controlled by scoline and pentothal, was 


followed by a marked improvement in her general health and spirits. I saw her some 
weeks afterwards in connexion with glasses for her left eye, when the visual acuity with 


correction was 6/6 and J.1. The vision in the right eye was naturally still defective. 
There was no sign in either fundus of the treatment having caused any adverse changes. 
About 2 years after the completion of this course, this improvement was still maintained. 
The patient had adopted the plan of wandering from one son’s house to another, never 
staying long enough to allow her allergic reactions to daughters-in-law time to develop. 


CONCLUSION 


When I commenced private practice, I started a cross-index of diseases 
which has proved invaluable, especially in work of this kind. Cross- 
indexing received little general attention in those days. It is interesting to 
note that in 1952 discussions on medical records as a whole had reached the. 
high level of an international congress. 

The investigations in connexion with this paper have given me a very 
practical demonstration of the changing face of medicine—bits and pieces 
constantly merging into an ever-expanding pattern. The specialist and 
small general hospitals have done, and are still doing, most useful work, but 
it seems to me that large comprehensive medical units are better fitted to deal 
with the problems of to-day. 

The genera) practitioner has assisted me by filling in gaps in medical 
histories on several occasions. I realize and appreciate, more than ever, his 
Status as the king-pin of clinical medicine. 


Ihave already acknowledged my indebtedness to my colleagues in general; I take this opportunity 
of acknowledging it in particular to the medical staffs of the Dublin hospitals to which I have been 
attached as ophthalmic surgeon—The Adelaide Hospital, Jervis St, and The Meath General 
Hospital. 
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CORNEAL TREPHINING FOR PENETRATING 
KERATOPLASTY* 


BY 
J. S. SPEAKMAN anpb J. D. JONES 


Fe University of Toronto and Ontario Research Foundation, Canada 


Many complications following corneal grafting procedures may be attributed 
to the technical and biological problems associated with this type of surgery. 
It is generally agreed that accurate apposition of the graft to the margin of 
the incision in the recipient cornea is of the greatest importance. 

Manual trephining for penetrating keratoplasty frequently results in badly 
cut grafis, and for this reason many modifications of the simple Elliot trephine 
have been made. Mechanically driven trephines have been used by Castro- 
viejo (1941) and Green (1945). Punch devices have been employed by 
Wiener and Alvis (1940), Clark (1954), and Pittar (1954). Other special 
techniques have been devised by Amsler and Verrey (1948) and Franceschetti 
(1955) to reduce the discrepancy between the shape of the graft removed from 
the donor eye and the place prepared for it in the recipient. 

These techniques have not been widely accepted, however, and Stansbury 
(1949) states that “ considering that the much-to-be-desired complete incision 
is not likely to be obtained with any of the more complicated instruments yet 
devised, the simplicity of the manual trephine warrants its further employ- 
ment”. Michaelson (1954) describes the variation in the bevel of the graft 
and recipient bed which occurs when trephining is performed under con- 
ditions of altered intra-ocular pressure. A high pressure increases the corneal 
curvature, so that when the elasticity of the graft restores the curvature to 
normal the internal diameter of the disk is greater than the external diameter 
(Fig. 1). Thus the bevel of a graft cut under high pressure slopes outwards, 
and conversely, when the pressure is low, it will slope inwards. Therefore, 
to perfect a technique of corneal trephining, not only must a complete disk 
be obtained, but also one whose bevel is constant. 


high pressure 


low pressure 








Fic. he —Effect of high and low intra-ocular pressure on shape of corneal ‘grafts. 
*Received for publ’cation November 22, 1955. oe 
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It is extremely difficult to align a manual trephine so that the inner layers 
of the cornea are instantaneously incised at all points below the cutting edge 
of the instrument. As a result a change occurs in intra-ocular pressure 
before the incision has been completed owing to aqueous leakage. The 
resistance to the cutting action of the trephine is thus altered, and an in- 
complete disk, or one with an irregular bevel, is obtained. 

In view of these considerations, and in an effort to improve the standards 
of corneal trephining, a mechanical trephine and two instruments for 
immobilizing the donor and recipient eye under conditions of constant 
intra-ocular pressure have been constructed. Rabbit and monkey eyes 
were used as experimental material. The grafts were studied with a dissecting 
microscope after formalin fixation, because a freshly-cut graft was found to 
be so pliable that its true shape could not be properly assessed. 


Trephining the Donor Eye.—The mechanical trephine constructed for these 
experiments bears a functional resemblance to a ‘small drill press. The 
rotating trephine can be moved towards or away from the cornea with con- 
siderable precision. The rigid frame facilitates retention of alignment once 
this has been achieved by means of the ball-joint mountings. A 5-5-mm. 
trephine is employed and a wax plug is inserted 1-5 mm. inside the cutting 
edge to reduce aqueous leakage. 

The immobilizer (Fig. 2 a, b, overleaf), designed for holding the donor eye 
securely and controlling the intra-ocular pressure, consists of a cylindrical 
chamber (A) covered at one end bya removable, centrally perforated, meth- 
acrylate cap (B). At the other end is a metal baseplate through which a 
channel is drilled connecting with a fluid reservoir. Sealed to the junction of 
the chamber wall and the base-plate is a loose rubber diaphragm (C) which 
rises as water enters from the reservoir. The eye to be trephined is placed on 
the diaphragm and the methacrylate cap is brought down to its locating ring 
so that the cornea herniates through the central hole. Intra-ocular pressure 
is varied by raising or lowering the reservoir, thus altering the hydrostatic 
pressure exerted upon the thin rubber diaphragm in contact with the eye. 

Preliminary experiments showed that a minimum intra-ocular pressure 
was necessary to prevent undue deformity of the cornea during the trephin- 
ing operation. If the pressure were too low, variable dimpling of the cornea 
occurred, producing a change in the angle of bevel. The monkey cornea is 
thicker than that of the rabbit and offers more resistance, so that the pressure 
had to be raised to a greater degree. 

Grafts cut by various methods are shown in Figs 3-8 (overleaf). 

Figs 3 and 4 illustrate grafts cut under high and low pressure respectively. 
The difference in bevel is easily appreciated. In Fig. 5 the bevel of the graft 
changed owing to dimpling of the cornea as resistance to cutting increased. 
Fig. 6 shows the smooth uniform edge of a well-cut graft. Figs 7 and 8 show 
a graft taken from a monkey eye by manual trephining; scissors were neces- 
sary to complete the circular incision and at this point the graft has an 
abnormal bevel and frayed edges. 
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Fics 2 (a) and (6).—Immobilizing chamber designed to control movement and intra- 
ocular pressure of donor eye. # actual size. 


A series of sixteen eyes was trephined with the help of the instruments 
described above. Twelve of the grafts obtained were complete disks, and 
only small remnants remained when cutting was incomplete. A careful 
examination of these disks revealed a few abnormal bevels, which were due 
to incorrect alignment of the trephine. In subsequent work, with increasing 
operative skill, these defects were largely eliminated. 


Trephining the Recipient Eye.—It was difficult initially to apply to the re- 
cipient eye the principles of trephining established by experiments on the 
donor eye. Pressure could not be applied from below because of the risk 
of lens dislocation. Lindner (1951), Amsler (1951), and Schreck (1953) 
have used a needle placed in the anterior chamber to increase the intra-ocular 





CORNEAL TREPHINING FOR PENETRATING KERATOPLASTY 219 


Fics 3 to 8.—Grafts~ removed by different trephining techniques (indirect 
illumination). 9-8. 


pressure during trephining, but the chief drawback to their technique is the 
difficulty of immobilizing the eye.. There is a constant risk of injuring the 





220 J. S. SPEAKMAN AND J. D. JONES 


the lens, should the eye or needle move independently of each other. For 
this reason a metal ring and handle were designed for immobilizing the 
recipient eye. The shape and construction of the ring made it possible to 
suture it firmly and quickly to a rabbit eye, just outside the limbus (Fig. 9). 
A needle, inserted in the anterior chamber and connected by polyethylene 
tubing to a pressure system, was used to increase ocular tension to the 
same level as that employed in trephining the donor eye. Once the needle 
had been inserted into the anterior chamber, it was firmly attached by an 
adjustable clamp to the handle of the ring. The eye and needle could then 
be moved together in any direction without endangering intra-ocular struc- 
tures, and this was of great assistance in accurately aligning the trephine. It 
is surprising, as Schreck and Amsler have pointed out, how deep the anterior 
chamber becomes, through slight bulging of the cornea and depression of the 
iris lens diaphragm, when pressure is increased. This minimizes the chances 
of injuring the lens by a penetrating trephine. 


Fic. 9.—Immobilizing ring and 
anterior chamber needle attach- 
ment designed to control move- 
ment and intra-ocular pressure 
of recipient eye. 














A series of eighteen rabbit eyes was trephined by this method and in all 
but one a complete disk of corneal tissue was obtained. The inner edges 
of three disks had a very small tag, as if Descemet’s membrane had been 
stretched at this point before cutting was completed. In three others the 
bevels were steeper on one side, as in Fig. 7, through poor alignment of the 
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trephine. The remaining grafts were quite uniformly cut. Five animals 
had recently recovered from vaccinia keratitis, and the corneae were irregular 
in thickness. Another animal had been previously grafted and the corneae 
were bulging and thinned out. Thus the conditions of trephining were 
comparable to those found in diseased human eyes. 


Summary 


Many attempts have been made to improve upon the technique of manual 
trephining for keratoplasty in view of the importance of accurate apposition 
of the graft to the recipient eye. It has been recogn:zed that manual trephin- 
ing entails many inherent technical difficulties, such as immobilization of the 
eye, control of intra-ocular pressure, alignment of the trephine, and accurate 
use of scissors. These problems place great demands on the surgeon’s skill 
and a solution was sought in the form of mechanical aids. 

The donor eye is held inside a special immobilizing chamber which per- 
mits a controlled uniform pressure to be applied to the eye. The recipient 
eye is held by an immobilizing ring, and fluid loss during trephining is replaced 
through a needle inserted into the anterior chamber. By means of these 
devices it is possible to control the intra-ocular pressure and the movement 
of both donor and recipient eyes. When the trephine is accurately aligned 
very satisfactory results are obtained. 

Experiments with rabbit and monkey eyes have shown that by these 
methods complete disks of corneal tissue, with uniformly bevelled edges, 
can be trephined in a high proportion of cases from both donor and recipient 
eyes. 
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SOME RESULTS OF THE PREZIOSI OPERATION* 
BY 


T. STUART-BLACK KELLY 
Hereford 


A SIMPLE glaucoma operation which can be consistently successful is still 
needed. The nearest approach to this from the point of view of ocular 
tension would appear to be the anterior flap sclerotomy with basal iriden- 
cleisis (Stallard, 1953), but this is a technically difficult operation requiring 
very great skill. After various trials with measures on the ciliary body, 
attention is returning to simple drainage as in the trephine but using other 
methods of making the filtration hole, e.g. diathermy. The Preziosi cautery 
method (Preziosi, 1924, 1950) appears to have been introduced originally as 
a safe method from the point of view of sepsis, but its general use was dis- 
continued so long ago that it is rarely mentioned in the current text-books. 
The series reported here began in 1951, and the results have been so impres- 
sive that the operation has replaced nearly all previously used procedures in 
the writer’s practice. The method is not fraught with the obvious danger of 
thermal cataract that immediately springs to mind, and appears to give rise 
to no serious complications. The anterior chamber takes some time to reform, 
but no massage is required, a good bleb forms, and the ocular tension remains 
at 25 mm. Hg or less in over 90 per cent. of cases of chronic simple glaucoma. 


Operation 

Anaesthesia.—This may be general or local. The local anaesthetic consists of 4 per 
cent. cocaine, with a facial block, retrobulbar, and superior rectus injections (xylocaine 
and hyalase). A subconjunctival injection may be added for the first few dissections of 
the flap by cautery. 

Method.-—After the introduction of a speculum, a superior rectus suture is inserted. 
Reflexion of the conjunctiva follows as for a trephine, and may be done with the cautery. 
With the cautery, contraction of the conjunctiva might be expected, but the dissection is 
clean, and the whole cautery sequence is unexpectedly interesting from a surgical stand- 
point. The ordinary galvano-cautery point at red heat is passed through the limbus 
into the angle by one or more sweeps, as in an ab externo approach, until the aqueous 
escapes. There is no possibility of damage to the underlying structures as the aqueous 
cools the cautery. The puncture should be large enough to admit an iris repositor into 
the anterior chamber, but if not it may be enlarged with cautery or de Wecker’s scissors. 
The iris may or may not be burnt. Should it prolapse into the puncture hole it is per- 
forated with the cautery, and then replaced. Another method which was used at first 
was to use the cautery as a keratome, but this method was later abandoned because it 
showed no improvement on the ab externo approach. The cautery is bent to a keratome 
angle and may then be passed like a keratome, but more rapidly into the angle. It may 
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reach as far as the pupil, cooling being instantaneous. If the iris does not present it may 
be withdrawn and an iridectomy performed or a pillar may be brought out for inclusion. 
The conjunctival wound is closed, atropine and an antibiotic is instilled, and a single 
dressing given. 

Post-operative Course.—One eye is padded. The patient may be allowed up the next 
day, and may be discharged as early as a week later if desired. 


Results 


Between 1951 and 1954, 46 eyes were operated on, 31 for chronic simple 
glaucoma and eleven for secondary glaucoma. The patients’ ages were as 
follows: 

41-60 yrs, 19 per cent.; 

61-70 years, 35 per cent.; over 70 years, 45 per cent. There were 
eighteen females and 24 males. 


Intra-Ocular Pressure.—The intra-ocular pressure, unless obviously low, has 
been taken by tonometry, 25 mm. Hg or below being taken as normal. In the 
chronic simple cases, after a period ranging from 3 months to 3 years 
(average 2 years) since the operation, 93 per cent. (29) have normal tension, 
and five have normal tension although ceasing to drain. 

In the cases of secondary glaucoma the results were varied. There were 
two haemorrhagic cases which were both failures. Of two aphakic cases one 
is satisfactory and one has not been traced. Of six cases of uveitis, only one 
failed. 


Complications 

(1) Choroidal Deiachment.—This was seen in 25 per cent. of the “ keratome 
type” but not in the ab externo type. It invariably settled down but might take a 
long time; in one case each eye took 9 months. It may be so large that the two 
sides of the retina nearly meet, but it is no contraindication to discharge. Com- 
parison of the pre-operative and eventual post-operative fields showed no change. 

(2) Hyphaema.—This never amounted to more than a few patches on the iris, 
and only followed a scissors iridectomy. 

(3) Iris Impaction—This may occur if there is no iridectomy, and may be seen 
but may cause no symptoms on the following day. The flap should be raised and 
the prolapse either perforated by cautery and replaced or an iridectomy performed. 
This happened only twice in the first few “‘ keratome type ” cases. 

(4) Injury to Lens.—This occurred in one case only, through misdirection in a case 

. of the “ keratome ” type. A dense white scar, the pattern of the cautery point, 
resulted; it gradually faded over 24 years and is now difficult to see. 

(5) Bleb Infection —This happened twice in one eye and was easily controlled. 

(6) Iridocyclitis—A pigment disturbance is occasionally seen. .Posterior 
synechiae may arise if atropine is omitted, but they may be ruptured by mydricaine. 
One severe case of cyclitis and rapid maturation of cataract arose some months 
after operation. 


Discussion 
In cases of simple chronic glaucoma the operation does not produce such 
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good resulis as that of Stallard, but seems to be just as successful as any 
other filtration operation. It has the great advantage of simplicity and speed, 
and, as far as this series goes, an absence of serious complications. After- 
treatment presents no difficulties, and the patient may be allowed up the next 
day if desired, since there is no tendency to haemorrhage, and the reaction 
is slight. This is a considerable advantage in elderly patients. 

Successful drainage is probably due to the hard scar ring produced by the 
cautery. It may contract a little but is unlikely to be as helpful to fibroblasts 
as a trephine hole. The histology has been dealt with by Neame (1950). 
There doves not seem to be a marked difference in the bleb whether the flap 
was made by cautery or by scissors. In no case was the iris withdrawn and 
anchored, and it is felt that this might have helped with the failures. If not 
anchored, the iris might slip back through the open cautery sclerotomy. In 
some of the cases in which drainage ceased but a normal ocular tension 
remained, the marked choroidal detachment suggests some beneficial damage 
to the ciliary body. 

Failures occurred in cases in which other operations had also failed, one 
patient having previously had a cyclodialysis, iridencleisis,.and trephine, 
another a sclerotomy and an anterior flap sclerotomy with basal iridencleisis. 

Thermal cataract is no doubt one of the reasons for avoiding the operation, 
but this can only happen in the “ keratome type”, for this reason, the 
ab externo type is the method of choice. 


Summary 

In this small series the Preziosi method was found to be a simple and easy 
filtration operation for chronic simple glaucoma, draining satisfactorily in 
80 per cent., and the tension being reduced to normal in a further 10 per cent. 
which had ceased to drain. 

With the ab externo method there appears to be no serious complications. 
Since post-operative care is minimal and haemorrhage negligible, it is par- 
ticularly suitable for elderly patients. 

In secondary glaucoma the results are poor in haemorrhagic cases but 
good in uveitis. 

Although no acute cases are listed, this operation is now the method of 
choice in the author’s practice for all cases except those in which a cyclo- 


dialysis or cyclodiathermy is thought to be essential. 
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EXPERIMENTAL AND CLINICAL INVESTIGATIONS INTO 
THE RESISTANCE TO OUTFLOW OF AQUEOUS 
HUMOUR IN NORMAL SUBJECTS*t 


BY 


R. WEEKERS, M. WATILLON, AND M. DE RUDDER 
From the Ophthalmological Clinic, University of Liége (Prof. R. Weekers) 


THE agreement between data on the resistance to the outflow of the aqueous 
humour obtained by compression of the eyeball in vivo and those obtained by 
perfusion of freshly enucleated eyes shows that tonography yields approx- 
imately accurate results. 

The normal resistance to outflow in man varies fiom 2-9 to 7-3 mm. Hg, 
the average being 4-5 (Prijot and Weekers, 1952). Our most recent deter- 
minations yielded analogous results (minimum 2:1, maximum 6-9, average 
4-0; see below). These figures are in agreement with those given by Grant 
and Trotter (1955), who established an average coefficient of facility of out- 
flow of 0-233 for normal subjects, i.e. an average resistance of 4-29}. 

On the other hand, using perfusion of freshly enucleated human eyes, 
Grant and Trotter (1955) found an average facility of outflow of 0-27, i.e. a 
resistance of 3-7. 


Francois, Rabaey, and Neetens (1955) obtained the following values: 





| Resistance 
Maximum Average Minimum 
| 2 | 4 | 8-3 





Number of Eyes 





61 





The aim of the piesent investigations is to study certain factors which 
influence the resistance to outflow of aqueous humour in normal subjects. 


Technique 


Resistance to outflow was determined in vivo by tonography. Calculations were made 
with the aid of the most recent tables on ocular tension (1954) and on tonometric pressure 





*Received for publication August 16, 1955. 
+This investigation was made with the aid-of a grant from the Fonds National Belge de la Recherche Scientifique. 


{The American authors determine the * # facility of outflow ” ©; the European authors determine the resistance to 
outflow of aqueous humour (R). of is the reverse of the facility of outflow 


R=L 
C. 
Calculation of R has the ad ore directly the is of ocular hypertension: an increase 
in ocular tension is due to an increase i an ry ora ap ben in C, se 
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Gallantyne, 1954). The duration of the test was 4 min. Unless contraindicated, 
compression was achieved with a 5:5-g. weight. 

Resistance was determined in vitro by perfusion of freshly enucleated bovine eyes. 
Perfusion was carried out with Ringer solution (pH 7: 5-7-6), introduced into the anterior 
chamber by means of a needle. 


Preliminary investigations were made on a number of eyeballs perfused with Ringer's 
solution, with the addition of fluorescein. Examinations in ultra-violet light revealed 
that the liquid flowed exclusively at the level of the sectioned aqueous veins. The method 
is, therefore, suitable for determination of the resistance to the flow between the anterior 
chamber and the scleral exits. 

In the isolated eye, the episcleral venous pressure being absent, the resistance is cal- 
culated by dividing the pressure of the perfusion liquid expressed in mm. Hg, by the flow 


expressed in mm.!/min. 


Results 
(a) Changes in the Resistance to the Outflow of the Aqueous Humour as a 
Function of Age.—This study covered ninety normal subjects with no family 


history of glaucoma and without marked ametropia; they were divided into 
three age groups. Resistance was determined by tonography. 


Table I shows a slight increase in resistance to the outflow of the aqueous 
humour with increased age, which is statistically significant. 


TABLE I 


INCREASE IN RESISTANCE TO THE OUTFLOW OF THE AQUEOUS 
HUMOUR AS A FUNCTION OF AGE 





Resistance 





Age (yrs) _ | Number of Cases 


Average Maximum 


| 

3-68 =| 5:0 
| 
| 


| 
| Minimum | 

30 ie oe 
Lanmea’ fo ae 
| | 





Less than 35... not 
From 35 to 55 iced 30 





a7 
6°9 





Over 55 30 2°5 4°43 





(b) Changes in the Resistance to Outflow resulting from Contraction of the 
Ciliary Muscle.—Becker (1954) showed that the instillation of pilocarpine 
reduces the resistance to outflow in normal subjects. Our observations cover 
thirty normal subjects with no family history of glaucoma and without 
marked ametropia, which were divided into three age groups. 

Contraction of the ciliary muscle was induced by means of eserine. Tono- 
graphic determinations were made 2 to 5 hours after instillation of a 1 per 
cent. oily solution. The pupil was at that moment markedly contracted. 
The results are presented in Table II, which shows that contraction of the 
ciliary‘muscle reduces normal resistance. 
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TABLE II 
RESISTANCE TO OUTFLOW IN NORMAL SUBJECTS AFTER CONTRACTION OF 
CILIARY MUSCLE INDUCED BY ESERINE 





Resistance 





Age (yrs) Number of Cases 


Minimum Average Maximum 


| 
| 
10 {| 2-20 2-73 4:24 
| | 
| | 





Under 35 
From 35 to 55 
Over 55 





10 2:33 3-06 3-98 


10 





2-33 3-18 4-75 


| 
| 
oe 
=| 





A comparison of Tables I and II shows that the reduction applies mainly 
to the average and maximum values; the lower limit of physiological resis- 


tance remains unaltered. Consequently, the normal values of resistance to 
outflow are less widely spread after the administration of eserine. 
(c) Changes in Resistance to Outflow as a Function of Tonometric Pressure.— 


The investigations covered 85 normal subjects with no family history of 
glaucoma and without marked ametropia. The subjects were divided into 


three groups, each group showing the same composition as regards age 
(juvenile, adult, and aged) in order to eliminate the influence of age 


(see above). 

Tonographic determinations were made using weights of 5-5 g. in the first 
group, 7°5 g. in the second, and 10 g. in the third. The tonometric pres- 
sures (initial average values) thus registered were 31, 37, and 43 mm. Hg, 
respectively. 

Table III shows that the resistance to outflow increased with the tonometric 
pressure exerted during compression. This increase is statistically significant. 


TABLE Ill 
INCREASE IN RESISTANCE TO OUTFLOW IN NORMAL SUBJECTS AS A FUNCTION 
OF TONOMETRIC PRESSURE 





| 
| Resistance 





Weight (g.) Number of Cases . 
Minimum | Average Maximum 


| 
5-5 | 30 ee. ee 
7:5 | 29 es att Be Lil, 
10 26 | | Ps ee 7-8 
| l } 











3°5 





In view of difficulties encountered in the interpretation of this observation, 
we have found it necessary to study the influence of the pressure of the per- 
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fusion liquid on the resistance in the enucleated eye. Within the narrow 
limits of physiological pressure, Barany (1954a,b) found no change in 
resistance as a function of the pressure of the perfusion liquid. By provok- 
ing marked hypertension, we have demonstrated a slight increase in resistance 
to outflow in bovine eyes due to this cause (Fig. 1). 


637 


RESISTANCE 








t 1 


° 20 40 60 80 
PRESSURE (mm. Hg) 


Fic. 1.—Increase in resistance to outflow as a function of the pressure of the 
perfusion liquid (according to Watillon, Prijot, and Weekers, 1954). 


(d) Changes in Resistance to Outflow caused by Hyaluronidase.—Barany 
(1954a,b) made an important contribution to the study of resistance to out- 
flow by demonstrating that hyaluronidase facilitates the outflow of aqueous 
humour through the outlets of the anterior segment of the bovine eye. This 
enzyme depolymerizes, hydrolyses, and diminishes the viscosity of hyaluronic 
acid; its action is clearly suggestive of the presence of hyaluronic acid in the 
outlets of the anterior segment and, more precisely, in the corneo-scleral 
trabeculae. The introduction of hyaluronidase, in vivo, into the anterior 
chamber in human subjects throws no light upon this problem since, on the 
two occasions wherein we have performed this experiment upon blind eyes, a 
violent inflammatory reaction resulted, which vitiated the experiment. 


A study of the effect of hyaluronidase on the resistance to the outflow of 
the aqueous humour is, therefore, only possible in enucleated eyes. Ob- 
servations were made on twenty eyes from adult cattle, divided into two 
groups of ten. The first group received, before perfusion, an injection of 
250 viscosity reducing units of hyaluronidase dissolved in 1 ml. Ringer 
solution. The second group served as controls, receiving 1 ml. Ringer solu- 
tion without hyaluronidase. 
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Table IV shows, in agreement with the observations of Barany, that 
hyaluronidase considerably reduces the resistance to the outflow of the 
aqueous humour. 

TABLE IV 


DIMINUTION OF RESISTANCE TO OUTFLOW DUE TO HYALURONIDASE 
ACCORDING TO WATILLON, PRIJOT, AND WEEKERS (1954). 


Th normal resistance in the ox is considerably lower than in man, because the eyeball is larger. 





Resistance 
Series Number of Cases 





Minimum Average Maximum 
Cee sd 10 0-76 0-93 1-21 
Hyaluronidase _... | 10 0-30 0-54 0:66 




















Francois, Rabaey, and Neetens (1955) recently made the same observations 
on 24 enucleated human eyes, the average reduction in resistance being 
29 per cent. 


Discussion 
Most of these observations have a more or less direct clinical significance, 
and it is especially from this point of view that they will be discussed. They 
will be considered with reference to changes in resistance as a function of: 


(a) Age 

(b) Contraction of the ciliary muscle 
(c) Compression of the eyeball 

(d) Presence of hyaluronidase. 


(a) Investigations made by Goldmann(1951, 1954a,b)suggested that the resistance 
to the outflow of the aqueous humour is localized mainly in the scleral trabeculae. 
Teng, Paton, and Katzin (1955), on the other hand, demonstrated that the trabecular 
structure is subject to microscopic changes in 12-13 per cent. of subjects over the 
age of 50. These authors report as follows: 


First, the collagen becomes granular, then it disappears. Endothelium, connective 
tissue cells, and nuclei seem to remain intact. Elastic fibres are more resistant, but 
they also degenerate eventually. When the degenerative process is completed, the 
endothelial cells have formed a mass that is either spongy or laminated and resembles 
a bundle of fibrous tissue cells except that they do not take strain (Fig. 2, overleaf).* 


It seems likely that the increase in resistance to outflow as a function of age, and 
demonstrated by tonography (Table I) may be attributable to the trabecular 
changes described by Teng, Paton, and Katzin (1955). 

Another hypothesis also deserves attention. The corneal and scleral rigidity 
increases with age. All other conditions being unaltered, this factor could reduce 





. *Our thanks are due to Dr. Teng for his kindness in making available the plate used in Fig. 2 and in authorizing 
its reproduction. ? 
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Fic. 2 (according to Teng, Paton, and Katzin, 1955). —Degenerative lesions of 
external part of trabeculae or internal part of Schlemm’s canal in normal aged 
subjects (Van Ciieson). 


the corneal indentation caused by the tonometer. This interpretation should be 
excluded because Goldmann (1951), who calculated resistance on the basis of the 
fluorometric determination of the flow, also found an increased resistance to 
outflow as a function of age. Since the corneal and scleral rigidity have no 
influence on the calculated resistance based on fluorometric determination of the 
flow, the increased resistance in aged subjects must be attributed to a progressive 
reduction of the trabecular permeability. This develops without any pathological 
manifestation and should be taken into account in the clinical tonographic study of 
pathological increases in resistance. 


(b) Becker (1954) has demonstrated that pilocarpine reduces the resistance 
to outflow in normal subjects; eserine also has a similar effect (Table II). A 
comparison of Tables I and II shows that the effect of eserine is more marked in 
subjects with a high resistance, being practically nil in subjects with a low resistance 
before the instillation of the miotic. These observations may be interpreted as 
follows. Normally, some trabecular channels are opened, while others are closed. 
Eserine stimulates the ciliary muscle; this exerts traction on the trabeculae, the 
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closed channels open, and the resistance decreases. The distribution of physio- 
logical values in normal subjects partly depends on the relative number of open and 
closed channels. After the administration of eserine, the differences are less 
because all the trabecular channels are open. The question arises whether it would 
not be easier to discover a slight pathological increase in resistance after, rather 
than before, the administration of eserine. 


These observations offer a satisfactory explanation of the hypotensive effect of 
miotics clinically even when the lesions causing the increase in resistance to outflow 
are irreversible; in this case the miotics may affect those parts of the trabeculae 
which are still intact, thus diminishing the resistance. 


(c) A particularly complex problem is encountered in the mechanism of the 
changes in resistance as a function of the tonometric pressure. Our observations 
tend to show that the resistance increases if the pressure exerted during tonography 
is higher. This phenomenon may be partly due to compression of the trabeculae as 
a result of excessive pressure (Fig. 1). There are other hypotheses however, which 
should also be taken into account. Several investigators have observed in tono- 
graphy that the fall in tonometric pressure is more rapid during the first minute 
than during subsequent minutes. The cause of this phenomenon is not known; 
it may be attributable to scleral deformity (Goldmann, 1954), a change in blood 
pressure (Becker and Friedenwald, 1953) or an outflow of blood from the uvea. 
Whatever the cause, an error of deficiency arises. If this error is independent of 
the weight used, its importance, in relative value, decreases as the tonometric pres- 
sure increases. The result is a progressive diminution of the error of deficiency 
and an increase in resistance which is only apparent. 


The changes in resistance as a function. of tonometric pressure may also be ex- 
plained by the theory of Goldmann (1954): during tonography, the aqueous humour 
driven out of the eyeball still possesses kinetic energy at its point of emergence from 
the sclera. This is manifested, according to circumstances, by an enlarge- 
ment of the aqueous stream in a laminar vessel, by the transformation 
of a laminar vein into an aqueous vein, or by an aqueous influx into a blood vessel. 
Goldmann concludes from this that tonography registers the resistance of the 


_ outlets up to the point at which the aqueous humour driven from the eyeball 


has lost all its kinetic energy, i.e. up to a point localized downstream from the 
emergence of the aqueous vessels from the sclera. This point should be further 
from the limbus and nearer to the auricle of the heart when the tonometric pressure 
is higher. 

The pathogenesis of changes in resistance as a function of the tonometric pres- 
sure—apparent or factual—is, therefore, still unexplained; this deserves further 
investigation. In spite of these uncertainties, it seems justifiable from a practical 
point of view to use, in tonography, a heavier weight when the ocular tension is 
high. We have recommended a weight which gives an initial deviation of at least 
three to four graduations in the curves of ocular tension and tonometric pressure, 
Since the precision of measurements is less when the initial deviation is slight 
(Prijot and Weekers, 1952). 


(d) The observations of Barany (1954a,b), confirmed by Watillon, Prijot, and 
Weekers (1954; and Table IV) and by Francois, Rabaey, and Neetens (1955), show 
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that the resistance to outflow largely depends on the presence of hyaluronic acid in 
in the outlets of the anterior segment. Hyaluronidase, by depolymerizing 
hyaluronic acid and reducing its viscosity, considerably facilitates the outflow of 
aqueous humour. Are these observations capable of clinical application? Do 
certain therapeutic reductions in resistance result from depolymerization of hyal- 
uronic acid ? Is the increase in resistance in certain forms of glaucoma dependent on 
the accumulation of hyaluronic acid? At present there is nothing to confirm these 
hypotheses. 

In clinical use, the addition of hyaluronidase slightly increases the hypotensive 
effect of retrobulbar injection of an anaesthetic. This phenomenon does not result 
from a reduction of the resistance by hyaluronidase. When injected into the 
orbit, this enzyme does not penetrate the eyeball. Injected without an anaesthetic 
it has, in fact, no hypotensive action, but mixed with an anaesthetic it enhances the 
hypotensive effect of the latter by promoting its intra-ocular penetration. The 
anaesthetic lowers the ocular tension by reducing the production of aqueous humour 
(DeRoetth and Carroll, 1955). 


Investigations made by various authors, and the observations related in 
this paper, have shown that the resistance to the outflow of the aqueous 
humour offered by the outlets of the anterior segment may show changes 
apart from any pathological condition: it increases with age, it is influenced 
by the contractions of the ciliary muscle, and it is reduced by hyaluronidase. 


On the other hand, it is probable that the flow of aqueous humour changes 
from hour to hour in the course of the day. Fluorometric determination of 
the flow requires several hours of observation. Rapid determinations, if 
these were possible, might demonstrate fluctuations which are the probable 
cause of the diurnal changes in tension. 

The ocular tension is essentially dependent upon the flow of aqueous 
humour on the one hand, and the resistance to the outflow of aqueous 
humour on the other, i.e. on two factors both susceptible to certain changes. 
The question arises whether stability is ensured by a regulator phenomenon. 
Experimental investigations made by Barany (1954a,b) tend to show that a 
diminution of the flow of aqueous humour provokes a compensatory in- 
crease in the resistance. Tonography is not yet sufficiently exact to allow a 
study of this homeostatic phenomenon in clinical cases. 





Summary 

(a) The resistance to the outflow of the aqueous humour increases with 
age, apart from any demonstrable pathological changes. 

(b) Contraction of the ciliary muscle provoked by eserine lowers the 
resistance to the outflow of the aqueous humour. 

(c) The resistance to the outflow increases or seems to increase as a function 
of the tonometric pressure exerted during tonography. 
(d) The authors confirmed the observations of Barany (1954a,b) regarding 
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the diminution of the resistance to the outflow resulting from the administra- 
tion of hyaluronidase. 
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FALSE POSITION OF THE POSTERIOR POLE 
AS A FUNDUS LANDMARK* 


BY 
JAMES FISON 


Harrogate 


A CENTURY and a half has passed since the appearance of the “posterior pole ” 
as a landmark in the fundus, but the confusion among anatomists started by 
Soemmerring’s essay on the “‘ Yellow Spot ” (Soemmerring, 1799) still shows 
no sign of clearing. An attempt was made some years ago to clarify the posi- 
tion in a short preliminary paper (Fison, 1920). Nevertheless, many writers of 
text-books are still led astray into using the term “ posterior pole” as a 
landmark from which measurements can be made. Wolff (1948, 1954) used the 
term “ posterior pole” in this way and, moreover, seemed to regard the 
distance between fovea and disc in the vertical plane as being almost neglig- 
ible. Paut Bonnet, who, as professor of ophthalmology at Lyons, 
collaborated with A. Latarjet in the revision of the article on the eye in 
Testut’s text-book (Testut and Latarjet, 1949), clearly believes in the tradition 
handed down from Soemmerring that the fovea is the undoubted locus of the 
“posterior pole” ; it must be presumed that he accepts all Testut’s statements 
since 1922 about the disc, macula, and “ posterior pole ” (Testut, 1922, 1930). 
The fictitious use of the “‘ posterior pole” as a measuring point may be 
found in most of the well-known text-books of human anatomy, e.g. Gray 
with his various recent editors (1858, 1866, 1901, 1905, 1909, 1918, 
1949), Testut (1894, 1899, 1922, 1930) and Testut and Latarjet (1949), 
Buchanan with his editor Wood Jones (1914, 1949), Cunningham with 
his editor Robinson, and later Brash and Jamieson (1902, 1915, 1922, 1931, 
1937, 1951), and Rouviére with his editor Cordier (1924, 1954). From all these 
one might conclude that the “* posterior pole ’” was the most important land- 
mark in the fundus, so great is the significance of measuring from it made to 
appear. In fact it has no proved locus in the fundus, though there seems at 
times to be a peculiar desire to relate the positions of the only true and visible 
landmarks, the optic disc and macula, to one another through the medium of 
the imaginary “ posterior pole”. How this fictitious landmark is to be 
found and recognized is never disclosed, except in the vaguest possible way by 
Salzmann (1912). Circumlocution makes it tiresome, and sometimes difficult, 
to be sure of the relation of disc and macula to one another, as for example in 
Quain’s “ Elements of Anatomy ” (Quain, 1909), in its day one of the best 
English text-books. So long as it was firmly believed, as is still the case with 
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Testut, Buchanan, and Rouviére (and their editors), that fovea and “ post- 
erior pole” had a common locus (in all of them the distance between the levels 
of fovea and disc is given firmly as 1mm.), this use of the “ posterior pole ” 
as an intermediary did not much matter, though it seemed unnecessary and 
looked pedantic. Some uncertainty about the distance between the levels 
of the fovea and disc becomes evident, however, as soon as the loci of the 
fovea and pole are divorced. No definite figure for this distance is now given 
by the modern editors of Gray and Cunningham, or by Wolff, and the 
relation of fovea to disc in the vertical plane is not mentioned at all in the 
first two books. 

There is no unanimity about the disc-“‘ posterior pole ” relationship in the 
vertical plane. In some books the disc is described as below the pole, and in 
others above. Even Testut (7th edition, 1922), when in the fullness of time (28 
years after his first edition in 1894) he decided that all the false statements 
about the macula-disc relationship, together with the false pictures, ought to 
be radically altered, changed them without comment. It will no doubt be 
recalled by some that this involved raising the locus of the disc 2 mm., from 
a position Imm. below the level of the “ posterior pole ” to a new position 
1 mm. above it. In spite of Testut’s example, all these false, discarded 
statements came back into circulation 2 years later in a new text-book by 
Rouviére (1924), and are still to be found in the latest edition revised by G. 
Cordier (Rouviére, 1954). The author of the article on the eye in “ Cun- 
ningham’s Anatomy ” (ed. J. C. Brash, 1951) was the first to give a reason. 
for such a change in the disc-‘posterior pole” relationship, and, in so 
doing, he demonstrated that there were no anatomical grounds for the use of 
the “ posterior pole ” as a landmark in the fundus. The change consisted in 
moving the disc upwards from a position slightly below the pole to one 
slightly above it, and the reason given was that H. M. Traquair had called the 
author’s attention to an experiment concerning the blind spot and fixation 
point. Anatomical considerations did not enter into this experiment, which 
was purely physiological, and the reason, therefore, was not well founded, 
since the “ posterior pole ” was not involved in the experiment in any way. 

The effect of the misuse of the “‘ posterior pole ” as a landmark has perhaps 
been most pernicious in the teaching about the axes of the eye. It is obvious 
that, once the “ posterior pole” and fovea are presumed to have the same 
locus, the teaching of Helmholtz about the fundamental difference between 
the axis oculi and the visual axis becomes meaningless. Yet the statement 
by Helmholtz (1867) remained unchanged when his “‘ Handbuch” was 
edited by Nagel, Gullstrand, and von Kries (Helmholtz, 3rd ed., 1909-11). 
Such differences between the axes of the eye are frankly ignored, even in the 
recent editions of Gray, Cunningham, Buchanan, and Testut. 

Soemmerring’s essay on the “ Yellow Spot” is undoubtedly responsible 
for these fallacies. The fervour of his language, the constant tiresome 
teiteration of the importance of his discovery of the marvellous small 












236 JAMES FISON 


central foramen with the yellow border, the exuberance of imagination 
engendered by this discovery leading to descriptions of dissections so amazing 
in conception as to be incredible in execution, and lastly an imaginary debate 
between the author and the physiologist Haller, the whole essay ending in 
eccentric anticipations and fantasies—all this implanted firmly in the minds of 
succeeding generations the strong tradition that the little “hole” in the 
centre of the “ Yellow Spot ” was the true centre of the posterior scleral 
segment, and, at the same time, the cause of the blind spot. This myth, at 
least in part, still seems to be embedded in the minds of most anatomusts, 
who ignore the lack of credentials of the “ posterior pole”’. 


Personal Investigations 


I became interested in the problem of the “ posterior pole ” in 1916 when, 
during the examination of the eye of a rating at the Roya) Naya) Hospital, 
Chatham, I saw that the centre of the disc was distinctly below the level of the 
macula. Re-examination under a mydriatic confirmed this observation and 
also the fact that there was nothing else abnormal about the eye (Fison, 1920). 
While recognizing the remarkably high position of the macula, I had, of 
course, no idea how rare this actually was, but it was enough to start a habit 
of looking for unusual positions of the macula. I could find no reference to 
anything of the sort in contemporary text-books of anatomy, and references 
to the relative positions of the macula and the disc, particularly as regards 
their relative levels, were usually scanty or inaccurate. 

My personal observations of the relative levels, over nearly 40 years, have 
led to the following conclusions: 

(1) The commonest position for the fovea is about on a level with the 
lower margin of the disc, but it is very often found above or below this point. 

(2) The highest position observed was that already recorded, where the 
centre of the disc was described as being below the level of the macula. Here 
was an instance of the macular reflex not being visible, and the “ macula” 
referred to was the small dark red spot at the centre of the macula proper 
(the zentraler roter Fleck of Fuchs, (921) of about one-quarter of the diameter 
of the disc. The fovea, therefore, was about one-eighth of the diameter of 
the disc above the disc centre. 

(3) The lowest position observed was noted on one of the comparatively 
rare occasions when the macular reflex was well seen and its highest point 
was below the level of the lower margin of the disc. The difference in levels 
between the fovea and the centre of the disc in this eye was estimated to be 
about {4 disc diameters. Illustrations of such low positions occur in one 
of Oeller’s Atlases. 

Therefore, the variation in position of the fovea relative to the centre of 
the disc in the vertical plane can be stated to be about 1} disc diameters, 
which is considerably greater than has hitherto been thought to be the case. 

An important fact follows from this, Latarjet, Rouviére, and all who 
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hold that the fovea and “ posterior pole ” have the same locus, are com- 
mitted by implication to the belief that it is the optic disc and not the macula 
which changes its position in the fundus. Now this, though absolute proof 
is lacking, must surely be extremely unlikely in view of the very much greater 
age and importance of the optic nerve, in comparison with which the macula 
isa phylogenetic upstart. In any case, the mere fact of its uncertain position 
makes the fovea unsuitable as the locus for the “* posterior pole”. 

There are two essential difficulties in finding a locus for the “ posterior 

ae 
F vine. two definitions of the “* posterior pole ” are current: there are cogent 
reasons for thinking that, if the indications of Salzmann (1912) are followed 
in seeking the locus of the pole, two loci will be the result. 

Secondly, the modern view of the shape of the eye, which is, in its simplest 


’ form, an irregular oblate spheroid, rather flattened from above downwards, 


and bulging somewhat backwards and outwards in its temporal half, may 
discourage further attempts at locating the position of the “ posterior pole ” 
in the fundus. 


Summary 
Attention is called to a long-standing confusion in articles on the eye in 
modern text-books of human anatomy, which has existed since Soemmerring’s 
day and is due to the strong tradition, which he started, that the fovea and 


the anatomical “‘ posterior pole”’ have the same locus. An attempt to 


substitute physiological experiment for the absence of anatomical fact 
proved unsuccessful. Reference to the “posterior pole” as an anatomical 


entity must be dropped. 
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_ CASE NOTES 


SCLERODERMA OF THE CORNEA* 
BY 


E. F. COYLE 
Sydney Hospital, New South Wales 


SCLERODERMA is a rare disease which produces thickening of the skin and 
subcutaneous tissue followed by atrophy. There is endo- and perivasculitis 
with an increase in fibrous tissue, and the elastic tissue may be increased or 
there may be atrophy following hypertrophy. It is usually divided into two 
types: generalized and circumscribed. The circumscribed type sometimes 
retrogresses spontaneously. 

There have been: cases in which the lens (ectodermal in origin) has been 
attacked, but there is no recorded case of scleroderma of the cornea, the 
epithelium of which is ectodermal, and for this reason the following case is 
of considerable interest. 


Case Report 


An aboriginal bush worker, aged 22, born in New South Wales, and residing at 
Brewarrina, had two sojourns in Waterfall Sanatorium for treatment of pulmonary 
tuberculosis. During his second stay, he was suffering from pulmonary tuber- 
culosis, circumscribed scleroderma of the left frontal region, and keratitis in the 
left eye. 


Clinical History 


Pulmonary and Skin Lesions.—He was first admitted to Waterfall Sanatorium on March 
24, 1948, at the age of 15 years. His mother and his mother’s sister had died from 
pulmonary tuberculosis, and his sister had had pulmonary tuberculosis. As a contact 
he was x rayed at Brewarrina Hospital, and radiological evidence of tuberculosis was 
found. 

No tubercle bacilli were ever found in his sputum. He was treated by rest in bed only, 
and on November 28, 1951, was considered well enough for discharge. 

He returned to work and had periodical x rays. His health was satisfactory until May, 
1954, when he noticed fatigue, shortness of breath, loss of weight, and night sweats. He 
was admitted to the Dubbo Hospital and treated with streptomycin and P:A.S. from May 
to October, 1954. He was then admitted to Waterfall Samatorium on October 6, 1954; 
the sputum was negative and the erythrocyte sedimentation rate (Westergren) 38 mm./hr. 

The Mantoux test (0.T.1/1,000) on November 1, 1954, was positive. Repeated tests of 
the sputum for the presence of tubercle bacilli with culture and guinea-pig inoculations 
and similar tests of the bronchial secretions, after bronchoscopic aspiration, were negative. 
There is no record, therefore, of tubercle bacilli ever having been obtained from this 
patient. 


Radiologist’s Report (October 24, 1954): ‘* Linear-nodular markings throughout the 
whole of the left lung field and widespread but less extensive markings throughout the 
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right lung field. No definite cavities seen but there is a suspicion of cavitation in the left 
upper and left lower zone ”’. 

The patient was referred to a dermatologist at the end of October because of a skin 
lesion involving the left half of the forehead. The diagnosis was: “ Early hemifacial 
scleroderma. There is no evidence of tubercular involvement”. Therapy with vitamin 
B complex, vitamin A, etc. was recommended, and the diagnosis of scleroderma was 
confirmed by biopsy. 

A diagnostic thoracotomy was performed for the purpose of lung biopsy on February 
21, 1955. Part of the pleural surfaces were adherent at the side and some small areas 
were removed from pleura and adjacent lung. The report on section was: “ Caseation 
with surrounding epithelioid and fibroblastic reaction. Typical giant cells and focal 
tubercles are absent but the histological features are almost certainly those of tuber- 
culosis. It has not been possible to demonstrate acid-fast bacilli in the paraffin sections ”. 

Tonsillar biopsy on December 13, 1954, showed: ‘‘A simple inflammatory hyperplasia 
with hypertrophy and ulceration of the surface epithelium. No evidence of more sinister 
disorders ”’. 

X rays of the bones of hands and feet showed no evidence of sarcoidosis. 





Progress.—The patient showed clinical and radiological improvement of the chest 
condition since admission, the treatment being rest in bed only... He had no chemotherapy 
other than that given before admission. 

He left the sanatorium at his own request and against medical advice on July 26, 1955. 


Corneal Lesions.—In October, 1954, simultaneously with the development of 
scleroderma of the left forehead, the patient began to complain of a sore left eye. In 
November, 1954, a group of small, white, circular, woolly opacities were seen to be 
scattered about the lower half of the cornea, the general appearance being that of a group 
of little snowflakes, raised on the surface of the cornea. Some of the patches stained 
with fluorescein. There was a little infiltration in the substantia beneath and surrounding 
the patches. There was not much ciliary flush. 

The patient complained of lacrimation and photophobia, but the degree of distress was 
slight compared with the number of the corneal lesions. Atropine ointment 1 per cent. 
three times daily and aureomycin ointment four times daily were ordered with pad and 
bandage. 

Within a fortnight the snowflake nodules first seen had gone, leaving shallow ulcerations 
with mild surrounding keratitis. But as the old snowflakes ulcerated, showing little 
tendency either to heal or progress, fresh little deposits appeared, some of them in the 
upper half of the cornea. 

Treatment was continued as above, the lesions continuing with little change; as 
some lesions slowly healed, the new snowflakes disintegrated and went through the same 
process as their predecessors, the disease gradually spreading over the upper cornea as it 
had over the lower. At no time was there much vascularization or irritation, the distress 
being disproportionate to the apparent corneal disturbance. Moreover, there was no 
sign of involvement of any deeper structures, iris, aqueous, lens, vitreous, and retina 
remaining beautifully clear. 

At this chronic stage, Dr. Conrad Blakemore kindly examined the patient in consulta- 
tion, as it seemed possible that the corneal disease was in fact scleroderma. He felt that 
there was not sufficient evidence to warrant a definite diagnosis, and advised a continuance 
of the previous treatment as the pathological process was confined to the more super- 
ficial half of the cornea and the eye was reasonably quiet. By February, 1955, a definite 
recession was occurring, the number of staining ulcers was reduced to one, and in the 
older portions the amount of infiltration was less. 

Simultaneously, the scleroderma of the left frontal region was beginning to fade and 
shrink, so that one could watch the lessening of the lesion in the forehead at the same 
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time as an obvious improvement occurred in the cornea. The indolent healing proceeded 
over a period of more than 2 months until mid-April, 1955, when the last ulcer had healed. 
Cortisone drops 0-5 per cent. four times daily were added to the therapy and the atropine 
was discontinued. A diminution of corneal infiltration now slowly followed, and the 
facial scleroderma practically disappeared, the patient’s dark skin making it difficult to 
date its final disappearance. 

By July 26, 1955, when the patient left the sanatorium, the scleroderma of the 
forehead had disappeared except for a slight line of demarcation and a very faint 
pallor, while the eye was white and quiet with good vision, in spite of some residual 
cloudiness of the substantia. The patient was illiterate and monosyllabic in con- 
versation, so that it was difficult to assess his subjective condition. 


Summary 

While at Waterfall Sanatorium, the patient was suffering from pulmonary 
tuberculosis, and meanwhile, in October, 1954, he developed scleroderma of 
the left frontal region extending to the root of the nose, with simultaneous 
lesions of the superficial portion of the left cornea. Both conditions con- 
tinued in an indolent manner until February, 1955, when they showed 
signs of healing, and by July, 1955, both had completely healed. 

In view of the ectodermal origin of the corneal epithelium, the juxtaposition 
of the skin and corneal lesions, and the concurrent nature of the two con- 
ditions, one is drawn to the conclusion that the corneal lesions were mani- 
festations of scleroderma. Dr. Conrad Blakemore concurs in this opinion. 

I wish to thank Dr. Conrad Blakemore for his advice, and also the Director General of Health 
for New South Wales and the Medical Superintendent of Waterfall Sanatorium for permission 
to publish this case. 
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RETINITIS PUNCTATA ALBESCENS WITH 
PIGMENTATION* 


BY 


A. M. B. GOLDING 
Cambridge Military Hospital, Aldershot 


THE following case of retinitis punctata albescens is reported because of 
several rather unusual features. 


Case Report 
A man aged 19 entered the army in 1954 with no history of eye disease and a visual acuity 
of 6/6 in each eye. He was posted to Egypt in April, 1954, and soon after arriving began 
to notice difficulty in seeing at night. This became gradually worse over the next year and 


Fic. 1.—Left fundus showing diffuse white spots with areas of pigmentation near 
periphery. 
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in July, 1955, he reported sick. By this time he had begun to notice that his central vision 
was affected. 


Examination.—There were changes typical of retinitis punctata albescens in each eye 
with pigmentation of bone-corpuscle type at the periphery of both fundi (Fig. 1). Visual 
acuity in the right eye was 6/12 (6/9 with glasses) and in the left 6/9 (6/6 with glasses). 
The visual fields were markedly contracted (Fig. 2). No other abnormality was found on 
physical examination. The white areas appeared to lie superficially in the retina. Al- 
though none was in front of any of the retinal vessels a well-marked parallax could be 
obtained between the white spots and the choroidal vessels. The retinal vessels were 
not reduced in calibre. 


Fic. 2.—Left visual field (28 July, 1955) showing generalized constriction and a ring 
ate which has become congruent with the peripheral scotoma above. V=6/9; 
° white. 


There was no consanguinity or relevant family history. The patient was intelligent 
and until his vision was affected was employed as a clerk, playing cricket and football in 
his spare time. 

Discussion 

This case is interesting in that there were no symptoms until the patient was 18 
years old, and there was no family history of retinal disease. 

Lauber (1910) divides retinitis punctata albescens into two groups. The first he 
calls fundus albipunctus cum hemeralopia congenita. These are congenital non- 
progressive cases, night-blindness being the only symptom and scattered white 
spots the only sign. The term hemeralopia is therefore unfortunate. The second 


group comprises cases which are also congenital but which are progressive in 
character and associated with fine pigmentary changes, atrophic choroidal lesions, 
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narrowing of the retinal vessels, and optic atrophy of the ‘type seen in retinitis 
pigmentosa. 


The cases described by Nettleship (1887, 1888) and Milner (1932) also illustrate 
the congenital nature of the lesions and the familial association with retinitis 
pigmentosa. Elwyn (1954), in summarizing the literature, considers that the white 
dots first appear in early childhood and are associated with night-blindness which 
dates from the same period. 

On the other hand Henderson (1934) describes a case which developed in a girl 
aged 17 two weeks after an attack of Vincent’s angina; in this case there was 
pigmentation as well as white spots. 


Conclusions 


The nature of the white spots is obscure. Their apparently invariable association 
with night-blindness strongly suggests that they are in the nervous pathway from 
the rods. Henderson (1934) observed areas of pigmentation replacing the white 
spots; this would seem to indicate that the disease process which starts in the 
nervous layers of the retina has spread so that eventually the external limiting 
membrane is involved as in retinitis pigmentosa (Wolff, 1951). This would ex- 
plain Lauber’s second group of cases. Thus it is unlikely that the white spots are 
colloid bodies (Leber, 1915, 1916) or areas of sclera shining through an atrophic 
(Mooren, 1882). 

It seems that the condition is primarily a degeneration of the retinal elements. 
This may be congenital or acquired. In those cases where it is progressive it 
tends to involve the pigment layer of the retina as well as the nervous layers. 


Summary 


A case of retinitis punctata albescens with pigmentation is described. The 
case is unusual in that the patient was symptom-free till late adolescence. 
The literature is reviewed briefly and the nature of the white spots is discussed. 


My thanks are due to Col. W. R. M. Drew for his help and encouragement. 
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TRAUMATIC IMPLANTATION CYST IN ANTERIOR 
CHAMBER AFTER CATARACT EXTRACTION* 
BY 
J. R. WHEELER 
Belfast 


Case Report 


A male labourer, aged 74, attended the Royal Victoria Hospital, Belfast, complaining 
of defective vision. 

Examination.—In the right eye, the visual acuity was reduced to 6/18, because of lens 
opacities. The left eye showed advanced lens opacities, and the visual acuity was good 
perception of light. 

Operation —On August 4, 1952, an intracapsular extraction of the opaque left lens 
was performed with a small total iridectomy, and a sclero-corneal silk suture at 12 o’clock 
closed the wound. Convalescence was uneventful. On September 16, 1952, 6 weeks 
after operation, the eye was quiescent, with media clear and fundus normal. Visual 
acuity with glasses was 6/6 and J1. 

Further Developments.—The patient was next seen 23 months later (July 6, 1954). 
Visual acuity in the left eye was now 1/60. A triangular deep striate keratitis was present 
with its base at the limbus from 1 o’clock to 3 o’clock and its apex involving the pupillary 
area. About half of the anterior chamber was filled by a large transparent cyst which 
seemed to arise from the limbal area around 2 o’clock (Fig. 1). |The ocular tension was 
23 mm. Hg (Schi6tz). 





Fic. 1.—Left eye, July 6, 1954, slit-lamp view of cyst. 


According to one authority the prognosis in such a case is “ Gloomy—if allowed to 
progress eventually detroys eye through severe iridocyclitis and glaucoma”. Another 
authority states that “ Epitheliation of anterior chamber is a destructive lesion and calls 
for drastic treatment ”’. 


Sen 
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Treatment.—On July 15, 1954, I operated on the left eye. The anterior chamber was 
opened by a keratome incision at the limbus stretching from 10 o’clock to 1 o’clock. An 
iris repositor was passed in front of and behind the cyst, and it was established that its 
base was about 4 mm. long and in line with the old * cataract” incision. An attempt 
was made to coax the cyst out of the anterior chamber by a vectis; when about half way 
out it burst and no evidence of it could be defined. The incision into the anterior chamber 
was now enlarged to include the area from which the cyst was arising. The base of the 
iris was removed from the involved area and the wound edges touched with a sharp 
pointed diathermy needle. The anterior chamber was washed out with penicillin and 
the wound edges were allowed to fall together. About 3 weeks later, in consultation 
with Dr. Millen, our radiotherapist, one radon seed was sewn to the conjunctiva at the 
limbus. A dosage of 4,000 r at 0-5 cm. was given. 6 months later the cyst had not 


recurred but keratitis caused the visual acuity to be much reduced, 





Discussion 


These cysts are formed by the active ingrowth of epithelium along the 
track of a perforating wound (surgical or traumatic). There are two main 


types: 
(a) Pearl cysts which are solid looking 
(6) Translucent cysts with thin walls. 

The second type—the translucent cysts—are more common and are com- 
posed of relatively thin-walled, ill-developed epithelium containing a yellow 
fluid. 

Apparently the first cases on record were reported by Collins and Cross 
(1892). Two theories were put forward regarding the mode of formation of 
these cysts, the authors inclining towards the latter: 


(1) The epithelium arose from proliferation of the ‘endothelium lining Descemet’s 
membrane and the anterior surface of the iris; 

(2) Surface epithelium was carried in at the time of operation and subsequently 
proliferated. 


Carrado (1931) ford by experiments on animals that only when the 
corneal wound remains open beyond a certain time is it possible for corneal 
epithelium, by proliferation, to cover the border-of the wound and to pene- 
trate into the anterior chamber. This is facilitated by incarceration of the 
iris, lens capsule, or vitreous in the wound. He found it was not sufficient 
for a strip of epithelial tissue to fall into the anterior chamber for attachment 


and proliferation to occur. 
The histology of the diseased process has been described by Parsons (1904) 


as follows: 


On reaching the back of the cornea the epithelium insinuates itself between 
Descemet’s membrane and substantia propria and also grows on the posterior sur- 
face. A variable number of layers of cells are found, the lowest cells being cylindrical 
or cubical, the highest very flat and long. The same applies when the iris is covered 
or the whole chamber lined; the epithelium varies extremely in thickness, from a 
single layer to five or six or more and the cells are found ill formed. 
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From the clinical point of view there would appear to be three potential 
precursors to this cystic formation: 
(1) Delayed formation of anterior chamber; 
(2) A leaking wound; 
(3) Fistulization of the wound. 


There is no doubt that the accurate closure of the corneo-scleral incision 
for cataract by well-placed sutures will help to obtain an early and firmly 
healed wound and so prevent fistulization. This has been made possible 
during the last decade by the introduction of beautifully fine cutting needles 
threaded with 6/0 silk. There are various methods of suturing but personally 
I like to place my sclero-corneal suture in position and then deliberately 
cut through it with my cataract knife (Fig. 2). The two cut ends of the 
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(b). Position of suture c). Original suture with- 
after incision. rawn and new suture 
inserted before extraction 


(a). Suture in position before 
commences. 


incision is made. 
Fic. 2.—Method of inserting sutures. 


suture are easily seen and a new suture can be readily passed through the 
track as one’s assistant withdraws the cut ends. By this means exact ap- 
position of the wound edges is achieved. In order that the wound may be 
closed immediately after delivery of the lens I tie a knot on the corneal arm 
of the suture. My assistant can now pull on the scleral arm of the suture, 
against the knot, and so close the wound immediately behind the “ departing ” 
lens. The stitch should be iied firmly, not tightly. Lateral sutures may be 
inserted if the wound appears to bulge or if the patient is of a hyperkinetic 
type. 
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IRIS BOMBE AND THE INTERMEDIATE MESODERM 
IN CLOSED-ANGLE GLAUCOMA* 


BY 
S. J. H. MILLER 
London 


THERE has been a recent revival of interest in the operation of peripheral 
iridectomy for subacute intermittent closed-angle glaucoma. This is partly 
because it is an operation of small risk which is effective, if its indications are 
respected. Its chief value is in subacute closed-angle glaucoma before 
peripheral anterior synechiae have formed and as a prophylactic measure 
when. the fellow eye has suffered from an acute congestive attack. The 
revival of interest is also related to present-day ideas on the aetiology of 
closed-angle glaucoma. Those who believe in the mechanism of relative 
pupillary block find in its success confirmation of their theoretical con- 
clusions with regard to the importance of iris bombé as a factor in the aetiology 
of this type of glaucoma. 

The operation was described by Pfliiger (1893-4); it was modified and re- 
commended in America by Curran (1920) and in Europe by Baenziger (1922). 
Precise indications for the operation have gradually become apparent through 
the work of Barkan (1938, 1939, 1954a,b), Chandler (1952), Chandler and 
Trotter (1955), and Haas and Scheie (1952). ; 


Case Report 
A man aged 54 suffered from occasional attacks of subacute closed-angle glaucoma in the 
right eye despite the regular use of miotics. An iris inclusion operation had been suc- 
cessfully performed upon the left eye one year previously for long-standing closed-angle 
glaucoma. The right eye had a shallow anterior chamber with a narrow angle. No 
synechiae were apparent gonioscopically. The right field of vision was full, and the optic 
disc normal. 


Operation.—It was decided to perform a peripheral iridectomy on the right eye. A 
flap of conjunctiva was lowered at 12 o’clock and the limbus exposed. The eye was 
opened ab externo by a bellied knife. As the iris did not prolapse spontaneously, toothless 
forceps, as recommended by Chandler (1952), were introduced into the wound. A piece 
of peripheral iris was abscised and the flap replaced. 

At first dressing the next day, it was found that only the anterior mesodermal layers of 
the iris had been removed and ballooning forward through the gap were the black, un- 
injured, posterior pigmented layers. The spherical protrusion of the unsupported ecto- 
dermal layers of the iris produced a most dramatic picture. When a drawing of the 
condition had been made (Figure), the iridectomy was completed. The eye recovered 
without incident and has been symptom-free since that time, with controlled tension and 
excellent corrected vision. 


Discussion 
Case reports in the literature (Ulbrich, 1908; Heine, 1913; Urbanek, 1922), 
wherein areas of thinned iris have been studied, suggest that even in the non- 
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Ficure.—The black ectodermal layer has ballooned through the peripheral 
gap in the mesoderm of the iris. 


glaucomatous eye the pressure behind the iris is higher than in the anterior 
chamber. In closed-angle glaucoma the difference in pressure must be con- 
siderable to produce the clinical picture depicted in the accompanying Figute. 
An important factor in the maintenance of an open chamber angle in this 
disease would seem to be the presence of healthy anterior mesodermal layers. 
It is unlikely that the anterior mesodermal leaf which constantly presents 
some degree of atrophy—the “layer of crypts” (Streiff, 1904)—could 
withstand any considerable force from behind, so that we are left with 
the intermediate mesodermal layer as the probable site of a restraining in- 
fluence and upon its integrity the prevention of frank and persistent iris 
bombé in closed-angle glaucoma may well depend. 
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SPONTANEOUS HAEMATOMA OF THE ORBIT* 
BY 


JOHN WHITWELL 
London Hospital 


Case Report 
A married woman aged 63 years attended hospital complaining that she had sud- 
denly developed a severe splitting headache over the right eye one week previously. 
There was no history of trauma, coughing, or over-exertion. She said that the 
right eye became swollen and bulging and that the swelling had increased. The 
pain had persisted and made sleep impossible. She later said that she was not 
prone to bruising or to abnormal haemorrhage from wounds. 


Examination 


Right Eye.—There was proptosis of about 5 mm. and the eye was displaced down- 
wards. There was moderate chemosis, with dilatation of the conjunctival vessels. Ocular 
movements were limited in all directions. The media were clear and the fundus and optic 
disc normal. The visual acuity was 6/24, but the patient was not in a co-operative state 
for refraction. A rather indefinite swelling was palpable below the supra-orbital margin. 


Left eye-—Amblyopic with a large cylindrical correction, but otherwise normal. 
General.—Nothing abnormal was discovered. 


Blood pressure 140/90. Blood vessels felt normal for her age. 
No head bruit was audible. 

Blood count normal. 

X ray of skull and sinuses normal. 

Erythrocyte sedimentation rate 29 mm. hr (Westergren). 
Wassermann reaction negative. 


Operation under General Anaesthetic—A right tarsorrhaphy was performed. An 
incision 2'’ long was made just below the right eyebrow, and the orbicularis and palpebral 
fascia were penetrated. Immediately deep to the latter, a large bluish cyst was encountered 
and opened. A quantity of brownish-red fluid, obviously altered blood, was evacuated. 
The blood had been encysted between the superior bony orbital wall and the periosteum, 
and extended backwards almost to the apex of the orbit. A glove rubber drain was 
inserted and the wound sutured. The drain was removed on the fourth day and the 
tarsorrhaphy opened 2 weeks later. Recovery was rapid, and when the patient was last 
seen 8 months later the eye was normal in every way. 

A biopsy of the cyst wall showed organizing blood clot and fibrous tissue. There was 
no evidence of neoplasm. 


Discussion 
Really spontaneous haematoma of the orbit is of considerable rarity. 
However, associated with systemic diseases, a fair number have been reported. 
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Wharton Jones (1863) described a case in a young woman who was dying of 
uraemia, and Priestley Smith (1888) another in a haemophiliac. Birch- 
Hirschfeld (1930) collected eighty cases from the literature, but saw only one 
himself; of these twelve occurred in haemophiliacs, 24 in cases of scurvy, 
several in cases of renal, blood, and vascular diseases; two occurred shortly 
after parturition, and three were post-climacteric. Cases unassociated with 
any accountable cause would appear to be few, although the exact number is 
not stated. Birch-Hirschfeld came to the conclusion that the site of haemor- 
rhage in the majority of cases was retrobulbar. Awerbach (1933) reviewed 
the causes of orbital haemorrhages and described two spontaneous cases, 
these again being associated with haemophilia and scurvy respectively. 

Wheeler (1937) described two orbital blood cysts; one in the roof of the — 
right orbit of a man aged 25 who had had treatment for right frontal sinusitis, 
and the other against the lateral wall of the orbit in a man aged 45. The 
latter appeared to be truly spontaneous, as was the case that Roberts (1955) 
described, in a man aged 37, in which blood was encysted between the bone 
and periosteum of the superior orbital wall. 

Most of the cases previously reported were associated with discoloration 
of the lids. This was not seen in the case reported above, where the chief 
pointers to diagnosis would appear to be the very sudden onset of the 
proptosis and the severe pain. 


My thanks are due to Mr. Arthur Lister, under whose care the patient was admitted, and 
who performed the operation. 
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LEONTIASIS OSSEA* 


BY 


N. S. JAIN, D. V. SETHI, AnD OM PARKASH 
Department of Ophthalmology, Irwin Hospital, New Dethi, India 


THIS case is presented in order to place on record another instance of chronic 
progressive sclerosing periostitis of the facial bones producing such hyper- 
ostoses as to result in the “ lion-like ” face described by Virchow (1863). 


Case Report 


A man aged 22 years came under observation in September, 1954, because of a painless 
and gradually progressive protrusion of the left eyeball, swelling of the left upper eyelid, 
and prominence of the left side of forehead over a period of 3 years. After December, 
1954, the proptosis and the prominence appreciably increased. 


Examination.—Local examination revealed proptosis of the left eyeball with downward 
displacement of the globe. The outer half of the left supra-orbital margin and the lateral 
ridge of the frontal bone were noticeably thickened (Fig. 1). Vision, ocular movements, 
and fundi were normal. 

General physical examination and the laboratory investigations were negative. 

A skiagram done on September 21, 1954, revealed marked sclerosis of the inner table of 
the frontal bone on the left, the sclerosis extending along the greater wing of the sphenoid 
(Fig. 2). 


a ee ae ee o.oo 


Fic. 1.—Left side of forehead, showing Fic. 2.—Great focal increase in density and actual 
proptosis and thickening of frontal bone. thickening of left frontal bone in the lateral part 
of its vertical portion above the orbit. 
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The optic foramina were normal. X ray of the long bones and the pelvis showed 
no abnormality. 


Summary 
A case of localized proliferative osteitis starting in the left frontal bone, is 
presented as an example of leontiasis ossea circumscripta. The age at onset 
and the symptom of a painless swelling of one side of the face starting in- 
sidiously and progressing slowly to result in proptosis are characteristic. 
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BILATERAL DISLOCATION OF THE LENS* 


BY 


S. N. MITTER 
New Delhi, India 


Das Gupta (1955) described an interesting case of bilateral dislocation of 
lenses under voluntary control. 

A similar case has been seen by the writer in a patient, who was a clerk, in 
whom both lenses moved into the anterior chamber when he bent his head to 
wash his face. He could manipulate the lenses behind the pupils by bending 
his head back. He said he was more comfortable when the lenses were in 
the anterior chamber and actually saw better with the aphakic glasses which 
he generally used in his office. Ordinarily the lenses slipped back behind the 
pupils when he went to sleep. In the morning he made a deliberate attempt 
while washing his face to put the lenses into the anterior chamber. He had 
been working like that.for several years and had no trouble with his eyesight. 

He was observed for a period of 3 years and there were no signs of any 
itritation due to the presence of the lenses in the anterior chamber, and it 
was thought better to leave the lenses in their voluntary wandering position. 
This case was previously referred to in a description of a family with ectopia 
lentis (Mitter, 1944). 
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NOTES 


OXFORD OPHTHALMOLOGICAL CONGRESS 


XLI Annual Meeting, 1956 


Master: J. W. Tudor Thomas 

Deputy Master: O. M. Duthie 

Editorial Secretary: L. P. Jameson Evans 

Hon. Secretary and Treasurer: Yan C. Fraser, 21 Dogpole, Shrewsbury. © 


THE Oxford Ophthalmological Congress will assemble at Balliol College, Broad Street, 
Oxford on July 1, 1956, and meetings will be held on July 2, 3, and 4, 1956, in the Lecture 
Hall of the School of Physiology, South Parks Road, Oxford. Accommodation has been 
arranged for about twenty ladies in Holywell Manor and they will dine with their col- 
leagues in Balliol. 

The Doyne Memorial Lecture will be delivered on July 3 by Prof. Robert Platt 
(Manchester). 

A discussion on “ The Problem of Lacrimal Obstruction ” will be introduced by 
Mr. T. Keith Lyle (London), Mr. L. P. Jameson Evans (Birmingham), and Mr. R. G. 
MacBeth (Oxford). 

A discussion on “ Visual Aids for the Pathological Eye (excluding Contact Lens) ” 
will be opened by Mr. P. McG. Moffatt (London), Mr. D. Stenhouse Stewart (Hull), and a 
dispensing optician. 

Members desiring to contribute to these discussions or to submit a paper should write 
to the Honorary Secretary as soon as possible. 

Ophthalmologists not already members of the congress who wish to attend the meetings 
should apply to the Hon. Secretary for application forms for membership. 

A full programme of the congress meetings will be issued in May, together with forms of 
application for accommodation and attendance at the annual dinner. 

N.B. Will members please notify any recent change of address. 


INTERNATIONAL CORRESPONDENCE SOCIBTY OF OPHTHALMOLOGISTS 
AND OTOLARYNGOLOGISTS 


THE formation of the International Correspondence Society of Ophthalmologists and 
Otolaryngologists has recently been announced. The society is an educational organiza- 
tion, the sole purpose of which is to publish the Collected Letters of its membership; 
it is international in character, and any ophthalmologist, otolaryngologist, or physician 
practising both specialties concurrently is eligible for membership. 

Members submit questions to the editor, who then polls member-ophthalmologists or 
Otolaryngologists in various parts of the world, the opinions being published in the 
Collected Letters. Different members are polled on each new question, and in this way 
a broad sweep of views is obtained on each question that arises. The Ophthalmology and 
Otolaryngology Letters are published separately, and may be obtained separately or 
together. 

The Editorial Advisory Board for Ophthalmology consists of the following: 


J. H. Allen (New Orleans), M. J. Hogan (San Francisco), P. R. McDonald (Philadelphia), 
H. L. Ormsby (Toronto), and H. G. Scheie (Philadelphia). 


Letters should be addressed to the Editorial Offices, 705 Baronne Building, New Orleans 
12, Louisiana. 
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BIRMINGHAM AND MIDLAND EYE HospPiTAL 
Postgraduate Course in Industrial Ophthalmology 


Tuis course, which will be held from July 23 to 27, 1956, is designed for ophthalmologists 
and industrial medical officers, but is open to all medical practitioners. It will include 
clinical demonstrations, lectures on industrial diseases and injuries, and visits to local 
factories and to the Burns Unit of the Birmingham Accident Hospital. 

Further information can be obtained from the Secretary, Industrial Ophthalmology 
Course, Birmingham and Midland Eye Hospital, Church Street, Birmingham, 3. 


HONOURS 


Dr. MAuRICE LANGHAM has been awarded the first Norman McAlister Gregg Prize by the 
Council of the Ophthalmological Society of New South Wales, for a paper entitled ‘‘ The 
Physiological Factors relating to Corneal Pathology ”’. 


OBITUARY 


HERBERT WILLOUGHBY LYLE 


WE regret to report the death of Mr. H. Willoughby Lyle at his home at Portishead, 
Somerset, on March 13, 1956, aged 86 years. He was a kindly, energetic, and immensely 
versatile personality. He will be remembered as an outstanding Dean of King’s College 
Hospital, as a shrewd and successful ophthalmic surgeon, and as one of the most brilliant 
teachers of his generation. 

His early interests were in anatomy and in physiology with zoology and biology as a 
sideline. He developed an intensely individual teaching technique which quickly made 
him famous as a coach. His classes for the Primary Fellowship examination were very 
widely known and attracted the keenest personalities of his day. Later he examined for 
10 years in physiology for the Primary Fellowship of the Royal College of Surgeons. His 
Manual of Physiology (written with Dr. David de Souza) was a most popular text-book, 
helpful to students by reason of its concise arrangement and easy didactic style. As an 
examiner he was jovial and encouraging, just in his assessments, but getting the best out 
of a nervous examinee. 

He commenced the study of ophthalmology in 1893, attracted by the work of another 
great teacher,’ Professor McHardy. He was appointed to the Royal Eye Hospital in 1903, 
where he became. Dean; he started ophthalmic teaching there, and had considerably 
developed the school until his work was unfortunately interrupted by the 1914-18 war. 
He was appointed as assistant ophthalmic surgeon to King’s College Hospital in 1910 
becoming full ophthalmic surgeon in 1917. His appointment as Dean of King’s in 1911 
soon took up more and more of his time so that he had little chance after the war to re- 
sume postgraduate ophthalmic teaching. He did, however, examine for the first part of 
the D.O.M.S. when this diploma was first started in 1921. 

As an ophthalmologist he was careful and precise. He had a real love of refractive 
work and managed to instil interest in this subject into his students. He was a good 
Operator, particularly successful in his treatment of chronic glaucoma for which he 
employed a filtration operation of his own which anticipated the principles of iriden- 
cleisis. He had a deft touch and his main operative interests lay in intra-ocular work. 
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King’s students were fortunate in his amusing and colourful ophthalmic teaching. He 
had the rare art of concocting catchwords which would make his pupils remember the 
salient features of such a disease as glaucoma. It was largely due to his work that so 
many King’s men have become ophthalmologists. These include among others his two 
sons Keith and Eric, G. T. W. Cashell, T. H. Whittington, and J. M. Bickerton. He 
developed a large consulting ophthalmic practice of his own. 

His main life work was undoubtedly the building up of the King’s College Hospital 
medical school, where he worked for so many years with incredible energy and assiduity, 
Many generations of King’s men will remember his orations at medical school functions: and 
his work for King’s on the hospital management committee and at the London University 
was outstanding. He had as a student been a keen soccer player and athlete, and he carried 
his interest in sport into all medical student activities. There never was before or since 
such an enthusiast for the hospital, and after his retirement he received the unique recogni- 
tion of being made Dean Emeritus and Emeritus Lecturer in Ophthalmology to the Medical 
School. In the midst of his crowded and active life he found unlimited time to attend to 
the affairs of the students. He was particularly kind to anyone in financial or personal 
difficulties of any sort, as very many King’s men can testify. 

It would be giving quite a wrong impression of him to think of his academic and pro- 
fessional activities only. He was a great family man, at his happiest when visiting his 
sons at Cambridge, or playing lawn tennis on Saturdays at. Bromley. In the years of his 
retirement he thoroughly enjoyed his activities in the garden. He will be remembered as a 
very human kindly person, living his life with gusto, and achieving distinction in most 
things he touched. L.HS. 


The passing of Mr. H. Willoughby Lyle, Dean Emeritus of King’s College Hospital 
Medical School severs a link between King’s College School, King’s College, Strand, and 
King’s College Hospital. Lyle was attached to all three institutions. He attended 
King’s College School when it was situated in the Strand before its removal to Wimbledon. 
After qualifying in medicine he spent a considerable time teaching biology and examined 
in that subject for the Conjoint Board, but his main interest was in physiology and disease 
of the eye. For many years he was lecturer under Professor Halliburton at King’s College 
and he drew students from far and wide who wished to take the Primary Fellowship of 
the Royal College of Surgeons. Sh 

His determination to take up ophthalmology as his life’s work was greatly enhanced by 
his extensive physiological background. He was appointed ophthalmic ‘surgeon to 
King’s College Hospital in 1910 and in 19}) became Dean of the Medical School, 
an appointment which he held until his retirement in 1932. He was a very popular Dean, 
beloved by the students, and it was due to his efforts that the extension to the Medical 
School was built before the war. : He was an apt teacher and had the faculty of being able 
to explain difficult problems so that they appeared to be quite simple. 

He was keen on athletics and a constant spectator at the “ touch line”, and was himself 
an enthusiastic tennis player until his 60th birthday. 

There can be no doubt that Lyle was one of the pioneers who helped to build the modern 
King’s College Hospital and its Medical School. CMW. 
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COMMUNICATIONS 


ANATOMICAL STUDIES OF THE TRABECULAR 
MESHWORK OF THE NORMAL HUMAN EYE* 


BY 


NORMAN ASHTON, ALFRED BRIN), anD REDMOND SMITH 
Department of Pathology, Institute of Ophthalmology, University of Lonidon 


In recent years increasing evidence has been obtained of an abnormal re- 
sistance to aqueous outflow in eyes affected with chronic simple glaucoma; 


| it now appears essential to determine to what extent this may be attributable 
| to Structural changes and at which particular site or sites in the drainage area 
the impediment is located. In this problem, consideration of the trabecular 
"meshwork is clearly of primary importance, but a true assessment of morbid 
anatomical changes and their distinction from appearances due to artefact 
can be based only upon an accurate knowledge of normal structure. Al- 
though many anatomical studies of the trabecular meshwork are available 
both in papers and textbooks, they are frequently deficient in detail and differ 
from.each other in important respects. As a preliminary to future work on 
pathological material, we have therefore thought it necessary to summarize 
existing knowledge and to carry out, by old and new methods, a further 
anatomical study of this region. 


REVIEW OF LITERATURE 


(1) Limirs AND GENERAL SHAPE ; 


(a) Microscopical Appearances.—The first classical descriptions of the meshwork 
of the chamber angle as revealed in sections and flat preparations are to be found in 
the works of Rochon-Duvigneaud (1892; 1893), Asayama (1901), Virchow (1910), 
and Salzmann (1912). ‘These authors all give references to earlier communications 
on the subject, but they are of historical interest only and will not be discussed 
here. 

According to Salzmann (1912), the meshwork forms a three-sided prismatic 
band; anteriorly the edge is extremely sharp and unites with Descemet’s membrane 
and the adjacent corneal lamellae; posteriorly trabeculae extend to unite with the 
scleral spur, the anterior surface of the ciliary body, and indirectly with the root of 
the iris; the outer surface borders directly upon corneal and scleral tissue and upon 
the inner wall of Schlemm’s canal or the loose tissue surrounding it; the inner 
surface is free and is in contact with the aqueous humour of the anterior chamber. 
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In an earlier study, Virchow (1910) had considered this meshwork to consist of 
two main parts: 

(i) Scleral Meshwork, or corneo-scleral trabeculae, which is the outer portion 
connected with the scleral spur; 

(ii) Uveal Meshwork, or rudimentary pectinate ligament, which is the inner por- 
tion terminating in the ciliary body and iris root. 

This description is now generally accepted. 

In a recent study, Burian, Braley, and Allen (1954), while agreeing with this sub- 
division, described three groups of fibres in the uveal meshwork, according to their 
respective connexion with the meridional fibres of the ciliary muscle, its circular 
fibres, and the iris root. 


(b) Gonioscopic Appearances.—These have been described by Busacca (1945), 
Francois (1948), Troncoso (1947), and Burian and others (1954). 

Gonioscopic terminology does not correspond to histological terminology, 
since the gonioscopic view only takes in the inner surface of the structure concerned, 
whereas histological terms refer to the appearances of the tissues in section. 

The trabecular band as seen gonioscopically is that area of the meshwork which 
appears to lie between Schwalbe’s line and the white band of the scleral spur. 
Histologically, this corresponds to the scleral part of the meshwork plus that part 
of the uveal meshwork and those fibres of the pectinate ligament which are situated 
between the scleral spur and Schwalbe’s line. 

(i) Trabecular Band.—This forms, between Schwalbe’s ring and the scleral spur, a 
circular band of grey-white colour, fairly bright in young people but more matt and 
pigmented in older subjects. Usually the anterior part of the trabeculae is whiter, 
while the posterior part, where Schlemm’s canal lies, is greyish. Deposits of pigment 
when present are more prominent on Schwalbe’s ring and at the level of Schlemm’s 
canal. In favourable cases Bangerter and Goldmann (1941) saw a fine superficial 
striation on the trabeculae, and Busacca (1945) asserts that a surface examination 
with a narrow slit shows numerous little cavities corresponding to the interstices of 
the meshwork. Trantas (1928) found vessels in the normal trabeculae whereas 
Francois (1948) had never observed them. 

(ii) Ciliary Band.—Seen gonioscopically, this consists of the anterior extremity of 
the ciliary body, as observed through the posterior part of the uveal meshwork, and 
of the rudimentary pectinate ligament. 


(2) SHAPE AND ORIENTATION OF FIBRES 


Whereas the shape, limits, and subdivisions of the trabeculae have in general 
been accepted by all authors, two different opinions have been expressed con- 
cerning the shape and orientation of the fibres themselves. 


(a) Scleral Meshwork.—Here most authors consider the fibrils to consist of flat 
anastomosing bands of tissue lying in several superimposed planes, each parallel 
to the surface of the cornea, and inter-connected by scattered oblique anastomoses. 
Owing to the triangular shape of an antero-posterior section of the meshwork, only 
two or three trabecular layers are seen close to Descemet’s membrane, whereas 
fifteen to twenty are present near the scleral spur. Rochon-Duvigneaud (1893) 
described the proximal part of each layer as resembling a perforated plaque. 
Asayama (1901) agreed with this description; itis of interest to note that he suggested 
the possible value of studying and comparing the permeability of the meshwork 
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in young and old eyes. The description of Salzmann (1912) is similar to that of 
Rochon-Duvigneaud (1893). 

These three authors, by studying antero-posterior sections and flat preparations, 
came to the conclusion that the flat bands of tissue in the scleral meshwork are 
predominantly circular in disposition, that is to say parallel to Schlemm’s canal. 
While many authors agree with this description, later works tend to imply that the 
meshwork is formed of antero-posterior fibres. Thus Redslob (1939), quoting 
De Lieto Vollaro (1902), writes: 

La structure histologique de la partie sclérale du systéme trabeculaire est formeé 
par des séries radiales de petites baguettes, plus ou moins réguliéres . . . 


Francois (1948) quoted Redslob’s description, and the text of Wolff’s “Anatomy 
of the Eye and Orbit ” (1954) suggests that he also shared this view. 

Thus in classical textbooks may be found two quite different opinions concerning 
the shape and orientation of the scleral trabeculae, some authors describing 
circularly disposed bands and others little antero-posterior rods. 


(b) Uveal Meshwork.—In its outer layers its constitution is quite similar to that 
of the corneo-scleral trabeculae. In the innermost layer, on the other hand, the 
fibres are radially disposed and connected with the anterior surface of the iris or 
the iris root. They are rather circular in cross section and form a very loose and 
irregular meshwork, which probably represents a vestige of the pectinate fibres, 
with which, in lower animals, one associates the spaces of Fontana. 


(3) HISTOLOGICAL CONSTITUTION OF EACH FIBRE 


Again we are indebted to Salzmann (1912) for an accurate description of 
the histological constitution of each fibre of the meshwork. 


(a) Scleral Meshwork.—After van Gieson and orcein staining, four successive 
concentric layers are visible which, from within outwards, are as follows: 
(i) A thick central core of collagen fibrils running parallel to the long axis of the 
meshwork fibres. 
(ii) A layer of strong elastic fibres, having the same orientation and, consequently, 
appearing in the form of dots in antero-posterior section. 
(iii) A glass membrane resembling Descemet’s membrane, of which it is probably 
a continuation since it has the same morphological and staining characteristics. 
(iv) A final endothelial layer which is a prolongation of the corneal endothelium. 


While most modern authors have accepted this histological description, not all 
workers are in agreement, for some claim that itis not possible to recognize the 
four layers in sections of the trabeculae. Thus Eisler (1930) says that the 
endothelium and the hyaline membrane are one and the same layer, 
forming a sponge-like syncytium. Other histologists have found additional 
elastic fibres inside the connective core, and consequently do not accept the idea of 
a true elastic layer. While Salzmann (1912) and Teuliéres and Beauvieux (1930) 
consider that Descemet’s membrane extends into the meshwork to form the glass 
membrane, Asayama (1901), Virchow (1910), and Eisler (1930) share the opinion 
that Descemet’s membrane terminates at the point where the trabeculae begin. 


(b) Uveal Meshwork.—Its constitution is similar, but the individual fibres are 
circular in cross section and contain no elastin. 
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(4) DIMENSIONS OF TRABECULAE 


Measurements of the thickness of the bands in the meshwork have been 
made infrequently, either because little importance has been attached to the 
structural details of this area, or because of difficulty in effecting accurate 
measurements owing to the great irregularity of the fibres—a feature clearly 
described by Lauber (1936). 

Henderson (1908) states that in children the thickness of the fibres is about 
3.u while in adults of the fifth decade it is 5-7 u. This increase is due, in his 
opinion, to sclerosis of the inner collagenous core, which becomes thicker, 
whereas the surrounding glass membrane becomes thinner. Since the whole 
thickness of the meshwork remains the same at different ages, Henderson 
concludes that the inter-trabecular spaces must be reduced with advancing age, 
and in his view this is the cause of primary glaucoma. 


(5) PASSAGE FROM ANTERIOR CHAMBER TO SCHLEMM’S CANAL 

Although our knowledge of the outflow channels of Schlemm’s canal has 
improved considerably in recent years, more limited progress has been made 
in determining the precise route of the aqueous humour through the trabe- 
culae, and the important question whether open communications exist be- 
tween the anterior chamber and the canal is still a matter of lively debate. 
Studies have been performed by purely histological methods, by injections 
followed by microscopical examination, by reconstruction from serial sec- 
tions, by the intracameral injection of particles of varying size and of radio- 
opaque materials, and by gonioscopy. 


(a) Purely Histological Studies.—Conventional studies with varying staining 
methods have led to contradictory conclusions which may be grouped as follows: 


(i) The opinion that free communications exist between Schlemm’s canal and the 
anterior chamber through the meshwork has been defended by Briicke (1847), Iwanoff 
and Rollett (1869), Schwalbe (1870), Waldeyer (1874), Asayama (1901), Henderson 
(1908), Sondermann (1930), Dvorak-Theobald (1934, 1955), Swindle (1937), and 
Loewenstein (1951). 

The last three authors agree with Sondermann, who gave the first detailed account 
of the open channels through the trabecular meshwork, which are sometimes referred 
to as Sondermann’s internal canals. According to his description these channels 
are lined with endothelium and may be found in most cases where serial 
sections have been made. They start as a gap in the inner wall of Schlemm’s canal 
towards its posterior extremity and, leaving the canal at right angles, soon become 
parallel to the trabecular lamellae and open into the spaces between them. 

It is interesting to recall that these openings had been noticed by Rochon- 
Duvigneaud (1893): 

Petits prolongements coniques de la lumiére du canal, qui penétrent dans les mailles 
du réseau et semblent s’ouvrir au milieu d’elles. 

But he considered histological studies less reliable than his injection methods, 
and this led him to conclude that free communications between the trabeculae 
and Schlemm’s canal did not in fact exist. 

(ii) Many authors have concluded from histological evidence that the aqueous 
humour must pass through an endothelial membrane to gain access to Schlemm’s 
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canal, and the majority believe that this membrane is the endothelial lining of the 
canal (Rochon-Duvigneaud, 1893; Leber, 1903; Virchow, 1910; Salzmann, 1912; 
Maggiore, 1917; Teuligres and Beauvieux, 1930; Eisler 1930; Lauber, 1936; Redslob, 
1939; Troncoso, 1947; Sugar, 1951). 

As a result of his claim that arteries opened directly into Schlemm’s canal, 
Friedenwald (1936) inferred that open channels to the anterior chamber could not 
exist; because otherwise plasma would necessarily leak into the anterior chamber, 
raise the protein concentration therein and so interfere with the drainage mechanism. 
Although he admitted the presence of Sondermann’s canals, he believed them to be 
blind pockets separated from the inter-trabecular spaces by an endothelial layer. 

The most convincing evidence of the existence of open communications between 
the canal and anterior chamber is to be found in the recently published work of 
Dvorak-Theobald (1955). By means of superimposed drawings on transparent paper 
she was able to trace, through four to six sections, continuous tortuous pathways 
from the anterior chamber, through the intra-trabecular spaces and into the canal of 
Schlemm. The figures illustrating this careful work are excellent and now leave 
little room to doubt the existence of these much-disputed canals. 


(b) Injection Methods, with and without Histological Study.—The controversy 
whether the process of aqueous elimination is one of seepage or of direct flow 
through the trabeculae dates from the early experiments of Schwalbe (1870) and 
Leber (1895), who used intracameral injections of carmine and Berlin blue, with 
such contradictory results that no final conclusion was possible. These studies 
are now only of historical importance, and those interested in this aspect may find 
all the references in the bibliography of Maggiore (1917). At a later period, 
Swindle (1937) found Sondermann’s canals on section and confirmed his findings 
by Indian ink injection into the anterior chamber. 

Recent experiments to determine the pore size in the trabecular meshwork have 
been carried out by Huggert (1954, 1955). Suspensions of chromium phosphate 
and of different bacteria were injected into the anterior chamber of rabbits and 
human eyes, and the size of particles recovered from the episcleral vessels was 
measured. In human eyes he found that particles of 1-2 u and 1-5 yu passed 
readily through the meshwork; the largest particles able to pass were 4-4 yu in size. 

A similar investigation was carried out by Francois, Neetens, and Collette (1955), 
who injected the anterior chamber of monkeys and human eyes with Thorotrast 
(particle size 0-1 ») and Angiopac (particle size 1, 2, and 3 u) under a pressure of 
25mm. Hg. The eyes were then fixed and the internal layers of the trabeculae re- 
moved and examined by micro-radiography. Minute holes were found in the 
inner wall of Schlemm’s canal, and these appeared as white holes on the micro- 
radiogram. Thorotrast penetrated freely and immediately, but Angiopac of 1 u 
passed less readily, and Angiopac of 2 or 3 u did not penetrate at all. It was con- 
cluded therefore that the trabeculae are traversed by open channels having a size of 
less than 2 u. 


(c) Gonioscopic Examination.—This frequently shows the presence of blood in 
Schlemm’s canal and occasionally it had been seen to enter the anterior chamber 
when the episcleral venous pressure is increased. Minute streams of blood entering 
the canal have been observed by Kronfeld, McGarry, and Smith (1942), Hobbs 
(1950), and Loewenstein (1951). According to Duke-Elder (1955) such streams 
are most frequently seen at about the 12 o’clock meridian, and since on subsequent 
examination they tend to occur at the same site it is more reasonable to suppose that 
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they enter through pre-existing pores rather than through mechanical ruptures of 
the trabeculae. On the other hand van Beuningen (1949) and Huggert (1955) have 
never seen red blood cells enter the anterior chamber. 


(6) NERVES IN THE TRABECULAR MESHWORK 

Kolmer (1914) demonstrated the presence of nerve fibres in the trabeculac 
by the Bielschowsky-Agduhr method. He found them on serial sections 
cut parallel to the surface of the iris, but he could not find them in the mesh- 
work itself and, therefore, suggested that these nerves cross the anterior 
chamber angle and end elsewhere. 

More recently, Vrabec (1954) applied a modified Bielschowsky method to 
human eyes and found many nerve fibres in the trabeculae. Since on antero- 
posterior section of the eye these fibres are cut in cross-section they are not 
easily seen. Vrabec also cut tangential sections parallel to the surface of the 
limbus, and sections in the same region which were perpendicular to the sur- 
face of the eye. In these preparations he was able to show that both mye- 
linated and non-myelinated nerve fibres with small endings in the trabecular 
meshwork, exist in the human eye. 


PRESENT STUDY 


(1) MATERIAL.—This study is based upon the microscopical examination 
of post-mortem eyes and eyes removed at operation. The best material for a 
study of normal anatomy would, of course, be fresh post-mortem material, 
but this, unfortunately, is very seldom available. Teng, Paton, and Katzin 
(1955) used eyes from a bank, which were consequently preserved without 
fixation at low temperatures, sometimes for several days. The eyes we ob- 
tained were removed 12 to 24 hours after death and fixed immediately; 
nevertheless, earlier fixation is certainly preferable, and we therefore 
studied in addition a series of eyes removed for melanomata which 
had been placed in fixative immediately after enucleation in the operating 
theatre. In such specimens care was taken to exclude all those in which the 
tumour, or detached malignant cells, had encroached upon the anterior 
segment, and all eyes showing inflammatory changes in the filtration angles. 


(2) METHODS 

(a) Histological Techniques.—Most specimens were fixed in 10 per cent. 
formol saline; some were fixed in a modified Carnoy solution (methyl alcohol 
45 ml., ethyl alcohol 45 ml., glacial acetic acid 10 ml.) or basic lead acetate 
4 per cent., or ethyl alcohol 80 per cent., but no striking differences were 
noted between the results from various methods. 

The eyes with choroidal melanomata were embedded in celloidin. Those 
removed post mortem were prepared for. study by removing the posterior 
half of the globe with a razor blade, discarding the lens and vitreous, and 
dividing the anterior segment into several approximately triangular frag- 
ments by a series of radial incisions from the centre of the cornea. After 
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fixation the pieces were embedded in paraffin wax and cut at 8 y, or in cel- 
loidin and cut at 12 pu. 

Celloidin embedding appears to preserve the spatial relationship of the 
_ corneal, scleral, and trabecular fibres, but the sections are necessarily thick. 
Paraffin sections are thinner but show marked distortion and separation of 
the tissue planes. Both methods were therefore used in this work according 
to our special aim in each case. 

Three different planes of section were chosen in order to obtain a clear 
view of the topography of the meshwork: 

(i) Antero-posterior Sections—To avoid a possible oblique incidence, 
these were made to pass through the pupil. 

(ii) Tilted Frontal Sections ——The plane of these was perpendicular to the 
minute rods seen in the meshwork on antero-posterior section, that is to say, 
perpendicular to the corneal surface in the limbal region. 

(iii) Flat Sections—The plane of these was parallel to the limbal surface 
and they were thus similar to those made by Teuliéres and Beauvieux(1930) and 
formerly by Virchow (1910) in the Macacus (Fig. 1). 

The majority of sections from eyes 
with choroidal melanomata were stained 
with haematoxylin and eosin; some were 
stained for elastic tissue, which appeared 
to be demonstrated equally well by 
means of Weigert’s resorcin-fuchsin, 
orcein, or Verhoeff’s technique. The 
various layers inside the fibres of the 
meshwork were readily visible with 
*‘Masson’s trichrome and Verhoeff’s 
elastic stain. 


(b) Measurements.—An attempt was 
made to measure the thickness of the 
trabeculae, the spaces between them, and d : 
the pores or gaps in individual planes of 11:4, Planes of tilted frontal sections 
the trabeculae. For this purpose a : 
micrometer, calibrated against a stage micrometer of known dimensions, 
was inserted in one of the eye-pieces of a binocular microscope (magnifica- 
tion x950). Measurements were attempted only in sections taken in the 
conventional antero-posterior plane. 


(c) Flat Preparations.—These were made from the fresh material. The 
anterior segment having been separated as previously described, the uveal 
tract was removed so that the trabecular meshwork could be inspected under 
the dissecting microscope and a portion removed with fine forceps. One 
limb of the forceps was inserted into Schlemm’s canal, the blade was closed, 
and a portion of the trabecular tissue was pulled away from the globe. This 
manoeuvre usually resulted in a clean tear at the posterior attachment of the 
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meshwork at the scleral spur, whereas the anterior attachment usually re- 
mained adherent and a portion of Descemet’s membrane and corneal ( 
endothelium came away with the removed specimen (Fig. 2). 


Fic. 2.—Photomicrograph of 
flat preparation made by pull- 
ing the trabeculae forward. 
Note how the corneal endothe- 
lium, with Descemet’s mem- 
brane (d) remains adherent to 
the anterior extremity of the 
trabeculae (1). x 300. 





Another method consisted of making with a small knife two parallel incis- 
ions on each side of the inner wall of Schlemm’s canal and close to its edges. 
It was thus possible to remove that part of the meshwork between the two 
incisions. 

These flat preparations were examined under the conventional microscope 
after staining with polychrome methylene blue. In their central part they 
proved to be too thick to allow an entirely satisfactory microscopical ex- 
amination, but the general state of the meshwork and the orientation of the, 
fibres were clearly visible. More detailed observations could be carried out 
on the edges of the preparations where it was thinner, or in teased specimens. 
Several flat preparations were examined with the particular intention of 


seeking stomata in the outer layers of the trabeculae which form the surface th 
of the inner wall of the canal. . fe 
ay 

FINDINGS 





(1) HisTOLoGicaL Stupy 


(a) Limits and General Shape.—The present work has not produced any 
evidence at variance with the classical descriptions of the limits and general 
shape of the meshwork, and we have nothing of importance to add to the 
accurate anatomical description given recently by Burian and others (1954). 
These workers, however, subdivide the uveal meshwork into three components 
according to the connexion of the fibres with the meridional muscle bundles, 
with the circular muscle bundles of the ciliary body, or with the iris root: 
but, in our experience, the ciliary muscle bundles are so frequently ill-defined 
that it is not always possible to differentiate the particular muscle group to 
which the uveal trabeculae are attached. This subdivision, therefore, appears 
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too indefinite to be of value, and we prefer to consider the uveal meshwork to 
consist of two main parts: 

(i) An Outer Component.—This extends from its anterior attachment at 
Descemet’s membrane and adjacent corneal layers, to fuse, after passing be- 
neath the scleral trabeculae and scleral spur, with the inter-cellular substance 
of the ciliary muscle. 

(i#) An Inner Component.—This consists of a loose irregular reticulum 
(Fig. 3) and has a similar anterior attachment, but curves around the anterior 
chamber to merge with the anterior surface of the iris root. 


Fic. 3.—Photomicrograph of 
flat preparation of inner (uveal) 


part of trabeculae. 1300. 





(b) Shape and Orientation of Fibres.—The morphological appearances of 
the trabeculae naturally vary with the angle of observation. Their main 
features, as seen in sections of three different planes and in flat preparations, 
are as follows: 


(i) Antero-posterior Sections.—These show minute rods arranged in layers, 
which are few in number in the thin anterior wedge of the prismatic trabecular 
band, but become more numerous as the meshwork widens, so that fifteen to 
twenty layers may be seen at the posterior limit. In their antero-posterior 
axis the rods are separated by small gaps corresponding to lacunae in the 
Jamellae; these spaces do not lie immediately over one another but are bounded 
on either side by the adjacent lamellae (Fig. 4, overleaf). 

(ii) Tilted Frontal Sections.—These show long fibres parallel with each other 
and to Schlemm’s canal; scattered oblique fibres interconnect the layers. 
In these sections the individual trabeculae appear much longer than those seen 
in antero-posterior sections, which indicates that the fibres of the meshwork 
are predominantly disposed in a circumferential direction (Fig. 5, overleaf). 
Hence the appearance of short rods on antero-posterior section is due to the fact 
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Fic. 4.—Antero-posterior section of 
trabeculae and Schiemm’s canal, 
_ showing that the trabecular pores are 
: ae covered on either side by the adjacent 


lamellae. X 360. 
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Fic. 5.—Tilted frontal section of trabeculae (f) and Schlemm’s canal (s). Note 
that the individual trabeculae appear longer than in antero-posterior section, 213. 
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that the cut ends of the broad flattened circumferential fibres are beingobserved. 

In brief, the tilted fronta] plane gives longitudinal sections of the trabecular 
fibres, the antero-posterior plane gives cross-sections of the same fibres. 

(iii) Flat Sections Tangential to the Corneo-scleral Surface.—These must 
be cut serially as only a few pass through the meshwork, and, since it is curved, 
only one or two of them will actually be parallel to its surface. Provided that 
the best sections are chosen, it may be seen that the trabecular meshwork is 
formed by flat fibrous bands which freely anastomose and in so doing form 
oval lacunae with their longest diameter lying in the circumferential meridian 
of the limbus, that is to say, paralle) to the anterior edge of the scleral spur 
(Fig. 6). 


Schlemm’s 
canal 


Cornea 


Trabeculae 


with 
pigment 


Scleral spur 
Ciliary 
body 


Schlemm’s 
canal 





Fic. 6.—Flat section of trabeculae and Schlemm’s canal. x 112. 
(iv) Flat Preparations —These show a similar appearance despite the dif- 


ficulty in seeing through the whole thickness of the meshwork with the micro- 
scope. If the edge of the specimen is studied, it will be seen that the trabecular 


meshwork is formed of layer upon layer of sheets of tissue showing numerous 


oval lacunae and containing large numbers of fine fibrils running mainly cir- 
cumferentially. The arrangement is illustrated in Figs 7 and 8 (overleaf); 
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Fic. 7.—Drawing of flat pre- 
paration of trabeculae (a= 
anterior). 


Fic. 8.—Photomicrograph of flat 
preparation of trabeculae. x 1125. 


although the general 
impression is of a mesh- 
work composed of com- 
municating bands of 
tissue, each plane could 
equally well be said to 
consist of perforated 
plaques, the holes in 
which, being oval, give 
the impression that the 
boundary tissue is arranged in bands. Indeed, this band-like structure is 
less well marked anteriorly, where the holes are rounded or irregular, than 
posteriorly, where they are predominantly oval. 

In the trabecular layer forming the inner wall of Schlemm’s canal, these oval 
lacunae may be seen in flat preparations as irregularly arranged stomata 
opening directly into the canal itself (Figs 9 and 10, opposite). 


(c) Histological Constitution of Each Fibre.—In this regard our findings 
(Fig. 11, overleaf) closely approximate to those of Salzmann (1912). 


(i) Antero-posterior Sections, stained with Verhoeff’s elastic stain combined 
with Masson’s trichrome stain, clearly show, on ordinary microscopic 
examination, four concentric layers from without inwards: endothelial layer, 
glass membrane, elastic fibres, inner connective tissue core (Fig. 12, overleaf ). 
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Fic. 9.—Flat preparation of trabeculae 
viewed from external aspect, i.e. inner wall 
of Schlemm’s canal. Note stoma (p). 
(a=anterior). Xx735. 





Fic. 10.—Photomicrograph of 
tilted frontal section showing 
stoma (p) in inner wall of 
Schlemm’s canal (s). 350. 








The endothelial layer 
is very thin and is 
probably a prolongation 
of the corneal endothe- 
lium, but the cells are 
flat and their limits in- 
discernible. 

The underlying glass membrane is probably a product of the endothelial 
layer, being comparable to Descemet’s membrane, but it does not appear to 








oval be merely an extension of Descemet’s membrane, for with periodic acid- 

mata Schiff staining the corneal glass membrane stains an intense red whereas the 
trabecular glass membrane stains a delicate pink. 

lings The elastic layer, according to Salzmann, lies immediately beneath the 


glass membrane and the elastic fibres are visible in the form of dots. It is true 
that most of them are on the surface of the connective tissue core, but we also 


ined found them very frequently within the substance of the core itself. Elastic 
ropic fibres appear to be more numerous in the posterior as opposed to the anterior 
ayer, region of the trabecular meshwork. 


leaf). The inner core itself is not homogeneous, but shows granularity (in 95 per 





























eculae (after Salzmann, 
1912). b=collagen; e= 
endothelium; f=elastic fib- 
res; g=glass membrane; 
i=uveal trabeculae. 


cent. of the eyes we examined), which is probably due to a cross-sectional view 
of the numerous fine circumferential fibrils described in the flat preparation. 
Indeed, this granularity is never seen in tilted frontal sections, which are parallel 
to the direction of these fibrils. 

In antero-posterior sections, the different planes of the meshwork are seen 
to be separated from one another by gaps of variable size, which may be 
bridged by slender endothelial strands or by fully formed trabecular fibres. 


(ii) Tilted Frontal Sections.—These also clearly show the four different 
layers of the trabeculae, but the elastic fibres are now seen as black lines run- 
ning in the direction of the trabecular fibres. They are sometimes in two 
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Fic. 11.—Drawing of trab- - 








Fic. 12.—Photomicrograph of 
antero-posterior section of trab- 
eculae. e=endothelial layer; g= 
glass membrane; f=elastic fibres 
(cut ends appear as sae b= 
connective tissue core. x 1400. 


parallel lines, as described by Salz- 
mann, but they often appear to be 
distributed irregularly and may be 
seen in the connective tissue core 
(Fig. 13). 





Fic. 13.—Tilted frontal section of 
trabeculae. Elastic tissue (f) now ap- 
pears as long lines, confirming its 
predominantly circumferential orienta- 
tion. x 1400. 
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(iii) Flat Sections.—Here it is more difficult to distinguish between the 
different layers. As noted by Salzmann, the glass membrane is thinner on the 
edges of the trabecular bands than upon the surface. Elastic fibres are easily 
shown by the usual special stains (Weigert, resorcin, fuchsin-orcein, Verhoeff) 
which all give equally reliable results (Fig. 14). 






Fic. 14.—Flat section of trabeculae. Predominant direction of fibres is circum- 
ferential (a=anterior). x433. 


(iv) Flat Preparations.—Stained with polychrome methylene blue, these show 
metachromasia in the internal layer of the trabecular bands. By changing 
the incidence of the light, the glass membrane can be made visible in the form 
of a bright translucent tissue on the edge of the bands. Numerous darkly 
staining fibres give the trabeculae a felty appearance; these are either elastic 
fibres or connective tissue fibrils (Fig. 15). 


Fic. 15.—Flat preparation of 
trabeculae. Numerous fibres 
disposed mainly circumferent- 
ially (@=anterior). 433. 
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(v) Phase-Contrast Microscopy.—This was not of great value in this study, 
but was useful for demonstrating elastic fibres, which are readily visible in un- 
stained antero-posterior and tilted frontal sections (Fig. 16). 


Fic. 16.—Phase-contrast microscopy of trabeculae (1). 340. 


(d) Dimensions of Trabecular Fibres and Pores.—The following were the 
approximate dimensions found in studies with the micrometer eye-piece in 
antero-posterior sections. 

Total thickness of meshwork near scleral spur: 120 v 
Thickness of each trabecular fibre... A Hays 5 u 
Space between trabecular layers: ... fe: -. O-—Sz 
Diameter of trabecular holes: es Sas ... 2—12 u (very variable) 

Any of the above dimensions may vary within wide limits in the same eye 
or in various parts of the same trabecular fibre. In view of this fact it was 
decided not to extend this study to sections in other planes. It was clear 
from observations of the flat preparations that the size of the holes in the 
trabeculae, and the width of the trabecular bands delineating them, were of 
such variable dimensions as to render a representative numerical assessment 
impracticable. Thus, in our view, it is not possible to estimate deviations 
from the normal by measurements of these structures. 


(e) Enumeration of Pores.—The object of this study was to establish whether 
the average number of pores in the wall of the canal differed markedly from 
the average number ineach lamina. It was thought that if the average num- 
ber in each lamina were found to be similar to the average number in the 
wall of the canal it could reasonably be taken as slight additional evidence in 
favour of the existence of through and through channels. 

The gaps, or pores, in each lamina of the meshwork, including that forming 
the inner wall of Schlemm’s canal, were counted in antero-posterior sections 
of 34 eyes. The area to be examined was viewed through a rectangular 
aperture which allowed a view of the anterior portion of the canal and of the 
trabeculae between this and the anterior chamber. 
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It was found that the average pore count in this limited area of the canal’s 
inner wall was 0-5 per section, and the average number for each trabecular 
' Jamina proved to be 0:59. It was concluded, therefore, that the number of 
pores in each layer, including the wall of the canal, is approximately the same. 
In addition it was noted that the pores tend to become smaller as the canal is 
approached. 


(f) Communication between Anterior Chamber and Canal of Schlemm. 
Numerous sections were seen in which a pore in the inner wall of Schlemm’s 
canal opened freely into an inter-trabecular space (Fig. 17). 


Fic. 17.—Photomicrograph 
of pore (p) in inner wall of 
Schlemm’s canal (s). x 166. 


Furthermore, in other cases, a few red cells were seen lying within the 
canal in a random fashion, while adjacent to them, in the nearest inter- 
trabecular space, were seen other red cells, so orientated as to suggest that 
they were in fact trapped between two laminae of the meshwork (Fig. 18, 
overleaf). This appearance was seen in eyes in which no blood was present 
in the anterior chamber, and it therefore seems clear that the red cells must 
have gained access to the inter-trabecular spaces from the canal of Schlemm. 
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Fic. 18.—Tilted frontal section. 
Erythrocyte (r) present between 
trabecular laminae. x 2100. 


Serial sections of a normal post-mortem eye confirmed the impression of 
the existence of channels leading from the canal of Schlemm into the inter- 
trabecular spaces. Broken ends of epithelium suggesting rupture of a 
previously intact lining were never found in the sections examined. Attempts 
to produce macroscopical casts of these channels with Neoprene gave in- 


conclusive results. 


(g) Variations in Histological Appearance of Meshwork.—The classical 
picture of regularly disposed trabeculae separating an oval canal of Schlemm 
from the anterior chamber is frequently not found in routine sections em- 
bedded in celloidin and stained with haematoxylin and eosin. 


(i) The walls of Schlemm’s canal may be applied to one another to a 
variable extent and occasionally the canal is completely obliterated. This 
appearance may be interpreted or misinterpreted as “‘ adhesions ”’. 

(ii) Individual trabeculae are often closely applied to one another and some 
sections show no inter-trabecular spaces, thé meshwork appearing as a solid 
mass. 


(iii) A granular appearance within the cores of individual trabeculae can 
result from cross-section of the numerous fine fibrils within the trabecular 


fibres, such appearances not being evident in parallel or tilted frontal sections 
(Figs 19 and 20, opposite). 

(iv) Staining of the trabeculae is frequently not uniform, and pale areas, 
which might or might not indicate degeneration of the meshwork, may be 
evident in the region adjacent to Schlemm’s canal. 

(v) The trabeculae may present a blurred and tattered appearance, as 
though they had been torn across rather than cleanly sectioned. In such 
specimens the appreciation of the trabecular architecture is entirely lost. 

(vi) Sections not passing through the pupil cut the trabecular meshwork in 
a plane which is neither at right angles to the plane of the laminae nor parallel 


with them, but passes through them obliquely. 
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Fic. 19.—Pseudo-“ granular- 
ity” of trabeculae. Section 
taken inantero-posterior plane 
shows cut ends of elastic fibrils 


as dots(f). 1575. 
(Cf. Fig. 20). 


Fic. 20.—Tilted frontal sec- 
tion from adjacent part of 
same eye. In this plane 
pseudo-“‘ granularity” is ab- 
sent since the long axis of the 
elastic fibres (f) tends to lie 
in the plane of the section. 


x 1575. (Cf. Fig. 19). 


Such sections produce a curious artefact, in that the individual elastic fibres of the 
trabeculae appear to be inclined at an angle to the canal, being directed towards the anterior 
chamber as they pass forward. The explanation of these appearances may be seen in 
Fig. 21 (overleaf). 

In Section a, passing through the meshwork at right angles to the planes of the laminae, 
the cut ends of the elastic fibres are seen as dots; in Section c, passing through the 
meshwork parallel to the planes of the laminae, the fibres appear as long lines. 

In Section b, passing through the meshwork at an intermediate angle, the elastic fibres 
are seen as short lines, their apparent length being related to the thickness of the section. 
Furthermore, because the plane of the trabecular meshwork is neither antero-posterior 
Nor coronal, but is itself inclined, the short lines seen in Section 4 are also inclined. This 
appearance is illustrated in Fig. 22 (overleaf) and may be demonstrated constantly in 


sections in Plane 6. 
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FiG, 2],—Three possibilities in antero-posterior sections: (a) Conventional view; 
(b) Artefact of trabecular obliquity as shown in Fig. 22; (c) Flat section of smal) 
part of trabeculae. 


Fic. 22.—Oblique appearance of norma) trabeculae as seen in an antero-posterior 
section made well away from the midline (Plane b, Fig. 21). s=Schlemm’s canal; 
t=trabeculae. x 382. ; 


The results of a search for such artefacts in 148 eyes are summarized in the Table 
(opposite). es 

It is here apparent that granularity of the trabeculae in antero-posterior sections Is 
almost invariable (for the reasons already given), and that adhesions or apparent adhesions 
of the walls of Schlemm’s canal occur in about 25 per cent. of sections irrespective of age. 
(In this investigation “* adhesions ” were recorded if the walls were apposed in more than 
one-third of the antero-posterior dimensions of the canal. In fact, most of the examples 
quoted had apparent complete obliteration of the canal). 
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TABLE I 
HISTOLOGICAL ARTEFACTS IN THE REGION OF THE FILTRATION ANGLE 





Number of {| Number of | Percentage 
Artefacts Angles Angles Affected 
Observed Affected 





95 
39 


Granularity of Trabeculae (all ages) cee 296 282 





Blurring of Trabecular Architecture 
(all ages) 





| 
neo 
ot ae: 
a ae. 
sites se 
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= 
Be 
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Apposition of Trabecular Layers .. 











50 





63 
26 
23 


5 
16 
17 





“ Adhesions ” of Canal Walls 


Age in years) 





40—49 58 
72 


[oe 

Bact 

| 

8 
| 

| 





| 


| 60—69 _ | 718 
10—79 34 
80—89 4 


The figures are expressed as “ angles” and not as eyes, since in several eyes one side of the section was damaged 


and hence unsuitable for observation. In the section on ‘‘ Adhesions” of Canal Walls it is apparent that no 
Significant difference exists in the p the ages 40-79. Figures for the other decades are 


too small to be significant. 


20 





8 
ee ae 











(h) Staining Reactions.—With haematoxylin and eosin a fairly good dif- 
ferentiation of the trabecular structure is obtained in varying shades of red. 
With van Gieson’s method, the inner core is pink, whereas the glass mem- 
brane is yellow. Masson’s technique (ponceau-fuchsin and light green) shows 
a green inner core and a bright green glass membrane. The addition of 
Verhoeff’s elastic stain shows the elastic fibres very well, and also stains the 
endothelium so that the four superimposed layers are clearly visible. 

PAS stains Descemet’s membrane dark red and the trabecular fibres pink, 
but does not differentiate the successive layers inside the fibres. 

Metachromatic staining on flat preparations has not been always obtained 
with polychrome methylene blue and the reason for this inconstancy is not 
understood. On the other hand, with weak concentrations of toluidine blue, 
metachromasia in the inner core of the trabeculae was constantly found. No 
metachromasia was found in any section which had previously been treated 
with hyaluronidase. 


DISCUSSION 


Consideration of the evidence in the literature together with our own ob- 
servations has enabled us to reach certain conclusions with regard to con- 
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troversial opinions about the anatomy of the trabecular meshwork and to 
enumerate varied histological appearances due to artefact. 


ANATOMICAL CONSIDERATIONS 


With regard to the limits, general shape, and histology of the trabeculae, our 
findings largely confirm the early classical descriptions and differ in only a 
few minor details which have already been described. However, the 
simultaneous use of sections in three perpendicular planes, together with flat 
preparations, has given a more accurate view of the genera) orientation of the 
trabecular fibres; indeed, the establishment of their circular distribution is one 
of the principal points to emerge from this work, for it is possible that this 
arrangement is a significant mechanical factor in the normal and abnormal 
function of the meshwork. Indeed, the concept that the trabecular mesh- 
work functions simply as a filter has little to commend it, since in health 
there is nothing in the aqueous humour requiring filtration, and in disease 
it would probably be better if such solid material as may be present should be 
allowed to escape. It seems more likely that the meshwork plays some part 
in regulating the aqueous outflow, for the anatomical arrangement of the 
trabeculae suggests that the perforated elastic laminae may automatically 
alter their position relative to one another in response to pressure differences 
on either side of the meshwork, or with varying degrees of tension in the 
ciliary muscle. Thus may arise variations in the porosity of the meshwork 
with a resultant influence on aqueous outflow. 

With reference to the question of free communications between Schlemm’s 
canal and the anterior chamber, we have not succeeded in providing any 
evidence more conclusive than that recently advanced by Dvorak-Theobald 
(1955), but our observations are in complete agreement with her findings. 
The great difficulty in deciding whether patent channels exist or not lies in 
the exclusion of possible artefacts, for the demonstration of such pathways 
through the meshwork, either by section or by injection, is always subject to 
the criticism that the openings may have arisen through mechanical rupture of 
the delicate endothelium in preparing the specimen. Several facts, however, 
favour the existence of such open channels: 


(a) There seems no question that open communications exist on the inner 
surface of the meshwork and that all inter-trabecular spaces freely inter- 
communicate, so that it is only necessary to demonstrate that these spaces 
connect directly to the canal to conclude that open pathways are present 
through the whole meshwork. 

(b) Patent channels passing out from the inner wall of Schlemm’s canal 
into the adjacent trabecular spaces are constantly seen in serial sections, and, 
in addition, we have demonstrated them as oval or round stomata in flat 
preparations. Endothelial rupture at the edge of these gaps is never seen. 


(c) We have shown that the number of pores in the trabecular lamellae 
is similar for each successive layer, including the inner wall of tae canal. It is 
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consequently probable that the meshwork layer which limits Schlemm’s 
canal internally does not differ from the other layers. 


We believe, therefore, that open pathways between the anterior chamber 
and Schlemm’s canal do in fact exist, not in the sense of definite endothelial- 
lined tubes regularly disposed, as suggested by the term “ internal canals ”, 
but rather as tortuous communications wandering irregularly and obliquely 
through the meshwork, like channels through a sponge. The size and patency 
of these communications would appear to be governed by the size of the 
lamellar pores, which we have found to be of very variable dimensions, 
probably altering even further with the degree of tension in the lamellae, and 
by the width of the inter-trabecular spaces, which necessarily varies with the 
degree of compactness in the meshwork (Fig. 23). 


Fic. 23.—General arrangement of trabeculae. 


One would not, therefore, expect much uniformity in the results of measur- 
ing pore-size by injecting particles into the anterior chamber, partly because of 
the irregularity of the channels themselves, partly because of the mechanical 
factors involved in compressing the meshwork, and partly because filtration 
is a highly complex process. A filter is not to be regarded simply as a 
mechanical sieve; many other factors, apart from particle-size in relation to 
poie-size, aie concerned. Thus the electrical charge on the particle and on 
the filter, the effect of adsorption, the thickness of the filter, the nature of the 
suspending fluid, the concentration of particles, the possibility that larger 
particles may block the passage of smaller particles, and the temperature, 
pressure, and duration of filtration, may all influence the results to a consider- 
able degree. 

According to Francois and others(1955), the maximum particle size capable 
of traversing the meshwork is 2 uw; according to Huggert (1955) this size is 
4-4 u. It seems possible that under certain conditions red blood cells 
(average diameter 7-2 ») can find their way from Schlemm’s canal into the 
trabeculae, where they are not infrequently seen in sections, and into the 
anterior chamber, where they have been observed gonioscopically. 
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Having concluded that open channels are present and that they are not 
rigid tubes of set dimensions, but tortuous pathways of varying calibie, 
there is no difficulty in accepting the above findings as examples of the range 
of particle-size which may in differing circumstances pass through an un- 
damaged meshwork. 


VARIATIONS IN NORMAL APPEARANCE 


We have previously enumerated the variations in normal appeaiances 
which may result from differences in methods of examination (p. 265). 
Since sections of the region of the angle in the healthy subject may present so 
many differing aspects, it is clear that great care should be taken before 
unusual or unfamiliar changes in this area are attributed to a pathological 
process. 

In an anatomical study of the angle of the anterior chamber and the drain- 
age channels in “ normal ” and glaucomatous eyes, Teng and others (1955) 
concluded that degenerative changes in the trabeculae, and in the canal of 
Schlemm itself and its efferent vessels together with endothelial proliferation, 
were a common occurrence in aged eyes, and were more marked in the eyes 
of three known cases of simple glaucoma studied by them. The type of 
degenerative changes seen were granularity of the collagen, degeneration of 
elastic fibres, hyalinization of endothelial cells, adhesions between the inner 
wall of Schlemm’s canal, and distortion and obstruction of collector channels. 

This report is of great interest in view of the decreased facility of 
the drainage of the aqueous humour in simple glaucoma, but it is difficult to 
assess the validity of their conclusions, for, as we have shown, very similar 
appearances of granularity, hyalinization, and “ adhesions”’ may be at- 
tributed to artefact, and these possibilities do not appear to have been 
adequately considered by Teng, Paton, and Katzin, especially since the eyes 
in question were obtained from an eye bank and had been kept in saline for 
some days. The authors claimed that the possibility of artefact had been 
ruled out “ by comparison with the most sensitive portion of the eye, the 
retina ’’, but the nature of this comparison was not stated. Since one would 
expect considerable degenerative change in the retinae of eyes removed from 
the cadaver and stored in an eye bank, it is difficult to see how the authors 
were able to exclude artefact in this way. Furthermore, the admissibility of 
any one of their three cases of “ wide-angle glaucoma” seems doubtful. 
Neither of the first two cases was authenticated, and in the third case the 
filtration angle was stated to have been closed in one eye and partially closed 
in the other—features which, in the absence of operation (and none is re- 
ported), almost certainly invalidate a diagnosis of wide-angle glaucoma. 

On the other hand, we have no evidence that would contradict their con- 
clusions, and their contention that the changes they describe are in fact 
pathological is supported by the rising incidence with age and by the fact that 
no degeneration was found in the anterior chamber angle in patients aged 20 
years or less. Furthermore, we have not been able to produce these de- 
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generative changes by leaving an eye in saline for several days. Their findings 
must therefore undoubtedly be accepted as a stimulus for further studies but 
should at present be regarded as unproven. 


SUMMARY 


It is suggested that recent trends in research on glaucoma necessitate a 
precise knowledge of the anatomy of the uveo-scleral trabecular meshwork. 
The literature on the subject is reviewed with regard to previous descriptions 
of the following features: 

Limits and general shape of the meshwork from the histological and gonio- 
scopical points of view, 

Shape and orientation of the trabecular fibres and the histological con- 
stitution of each fibre, 

Dimensions of the trabeculae, 

Presence of free communications through the meshwork between the anterior 
chamber and Schlemm’s canal, 

Presence of nerves in the trabecular meshwork. 


The present study consists of the examination of the trabecular meshwork 
of the human eye, by histological sections in three different planes and by 
flat preparations of fresh specimens. The material used included: post-mortem 
specimens and eyes removed for malignant melanoma of the choroid. 

The findings in the main confirm the work of previous authors: 


The meshwork may be divided into an inner uveal part (containing outer 
and inner components) and an outer scleral part, but further definite sub- 
divisions are not readily demonstrable. 

The shape and orientation of the fibres appear to vary according to the 
plane of the section; antero-posterior sections show short rods, while circum- 
ferential sections show longer rods disposed circumferentially. It is con- 
cluded therefore, that the arrangement is that of circumferentially disposed 
flattened bands, each perforated by oval stomata, the antero-posterior sections 
giving cross sections of the bands and hence appearing as rods. This 
conception is supported by flat sections and flat preparations. 


Our findings regarding the histological constitution of each band agree 
with previous work. 

An attempt is made to measure the dimensions of the trabecular com- 
ponents, but the figures obtained vary considerably as between different eyes 
and different areas in the same eye. 

The existence of pores in the inner wall of Schlemm’s canal connecting 
with the inter-trabecular spaces is confirmed. 

It is concluded that patent tortuous pathways existing in the trabecular 
meshwork enable communication between the anterior chamber and 
Schlemm’s canal. 

Variations in the normal histological appearance of the meshwork due to 
artefact are listed. 
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No correlation was found between the histological appearances and the 
age of the patient. 
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CORRELATION OF THE SYSTEMIC AND INTRA-OCULAR 
EFFECTS OF DIAMOX* 


BY 


DOROTHY A. CAMPBELL, EVA L. TONKS, anD MARY JONES 
Research Department, Birmingham and Midland Eye Hospital 


MANY opinions have been expressed in favour of the theory that Diamox 
causes a fall in intra-ocular pressure by virtue of its local inhibition of carbonic 
anhydrase within the eye. There has been very little attempt to correlate the 
ocular effects of Diamox with its extensive systemic action, i.e. in causing 
diuresis and an increased excretion of electrolytes especially of sodium and 
potassium, (Counihan, Evans, and Milne, 1954; Hanley and Platts, 1956). 

Since water imbibition causes a rise in tension it might well be expected that 
diuresis would have the reverse effect, and that the loss of sodium, an ion 
which is intimately associated with the retention of water within the body, 
might also be expected to favour the loss of extracellular fluid not only from 
the blood but from the eye. 

A single dose of Diamox (250 mg. or more) will produce its systemic 
effects almost immediately; these last for 24 hours, but on subsequent days 
or with repeated doses occur to only a slight extent. The patient is left in a 
state of acidosis which persists after diuresis has ceased (Hofbauer, Kaindl, 
and Reinhardt, 1955). In the treatment of cardiac oedema (Maren, 
Wadsworth, Yale, and Alonso, 1954) or of glaucoma, the patient may 
become resistant to the action of Diamox. Some cases of glaucoma are 
resistant from the outset. These phenomena are still unexplained. 

The cessation of acidosis in the normal subject may take 2 to 4 days after 
a single dose, and from 5 to 7 days after repeated doses (Hanley and Platts, 
1956). One should therefore consider whether it is desirable to use re- 
peated doses in the treatment of glaucoma or whether Diamox would be 
more wisely employed in single doses at intervals of several days with miotics 
in the interim. Hofbauer and others (1955) have found that this is the most 
efficacious form of therapy in cases of cardiac oedema, and recommend its 
use for a period of three successive days at the most. 

Langham (1955) reports that, although the concentration of bicarbonate 
in the aqueous is diminished after the administration of Diamox, its con- 
centration relative to that in the plasma is unchanged; Gloster and Perkins 
(1955), from their records of the fall in intra-ocular pressure after intravenous 
Diamox, consider that the rapidity of its action should not be accepted as 
proof of a local effect upon the eye. 





*Received for publication February 6, 1956, 


283 

















284 DOROTHY A. CAMPBELL, EVA L. TONKS, AND MARY JONES 


In a preliminary communication, one of us (Campbell, 1955) reported 
that the fall in intra-ocular pressure is synchronized with a considerable fall 
in the level of blood sodium and with the onset of diuresis and of increased 
electrolyte excretion. 

We have investigated these changes more fully in individual patients in the 
hope of elucidating the relationship between the systemic and intra-ocular 
effects. 

Experimental Procedure 

In the present series of experiments we have followed the effects of a single dose 
of 250 mg. Diamox, by taking simultaneous records of intra-ocular pressure, of 
the amount and rate of diuresis, and of the variation of sodium and potassium in 
the blood and urine. 
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Each subject was investigated as an in-patient, in bed, in the Research Depart- 
ment, his or her co-operation and interest being secured by interview on admission. 

Since our aim was to check the action of Diamox as used clinically, the patient 
was allowed routine hospital meals at specified hours. The diet was uniform and 
so chosen that its salt content did not exceed 44 mEq sodium in 24 hours, of which 
approximately 6 mEq was taken at breakfast, 10 at lunch, and 5 at tea. The 
water intake was strictly controlled with a view to maintaining the patient in a state 
of regular hydration. The same routine was followed for 3 days, breakfast of 
toast, butter, and marmalade, and 5 oz. water being given at 7 a.m., followed by 
5 oz. water at each hour from 9 a.m. to 12 noon when lunch was served; 10 oz. 
very weak tea were allowed at 3 p.m. with a little bread and butter. The period of 
detailed observation ended at 5 p.m. During the evening and night the fluid intake 
was also controlled, but there was a variation of 100-200 ml. in the total consump- 
tion of fluid in individual subjects. 

During the first and third days urine was collected at 6-hrly intervals, samples 
of blood and records of intra-ocular pressure being taken at 10 a.m. and 4 p.m. 
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Fic. 2.—Effects of 250 mg. Diamox, in a subject with active glaucoma (Case 5), 
on intra-ocular pressure, serum sodium and potassium levels, and urinary sodium 
and potassium levels. 
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On the second day urine was collected for the period 6-10 a.m. A sample of 


blood and the intra-ocular pressure were taken at a few minutes before 10 a.m., at 
which hour 250 mg. Diamox was given. Samples of blood and of urine, and 


intra-ocular pressure readings were taken at frequent intervals until 5 p.m. 


Methods of Estimation.—Sodium and potassium were estimated by the E.E.L. 
flame photometer, the error of estimation being +1-0 per cent. 

Intra-ocular pressure was measured by a weighted Schiétz tonometer which had 
been calibrated. 
Material—Five normal subjects (Group C) and nine cases of glaucoma were 
investigated. The latter were divided into “ active” (Group A), in which the 


initial intra-ocular pressure was over 26 mm. Hg, and “ quiescent ” (Group B), 
in which the pressure was above 26 mm. Hg on admission, but fell to this level or 


below after 2 days’ rest in bed (Figs 1 and 2). 


TABLE I 
CHANGES IN INTRA-OCULAR PRESSURE AFTER 250 mg. DIAMOX 





Intra-Ocular Pressure (mm. Hg) | Type of 
Glaucoma 
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Results 
Intra-Ocular Pressure (Table I).—The variations in intra-ocular pressure 
were closely alike in each pair of eyes, even when one of the pair was a 


trephined eye (Fig. 3). 
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Fic. 3.—Comparison of 
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Diamox on intra-ocular 
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There were considerable differences between individual subjects, but the 
average maximum fal] observed in the 7-hr. period after Diamox (Fig. 4) 
was 4-8 mm. Hg in normal subjects, 11-2 mm. Hg. in active glaucoma, 
and 4-9 mm. Hg in quiescent glaucoma. 
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Fic. 4.—Comparison of changes in intra-ocular pressure, serum sodium and 
potassium levels, and urinary sodium and potassium levels after 250 mg. Diamox 
in normal subjects, and in subjects with active and quiescent glaucoma. 
Dotted base-line shows rate of excretion in 4-hr period before injection of Diamox. 
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" This occurred within 3-to 4 hrs, and then the intra-ocular pressure began 
to rise. In the majority of glaucomatous subjects it did not regain its initial 
level for 20 to 24 hrs, whereas in normal subjects it did so in 7 to 8 hrs. 

Five cases (1, 2, 7, 9, and 14) shewed a small initial rise in the first half-hour 
similar to that observed by Gloster and Perkins (1955) in the rabbit after the 


intravenous administration of Diamox. 
Serum Sodium (Table II).—On the average results there was an immediate 
fall in the level of serum sodium which coincided for the first 2 hrs with the 


fall in intra-ocular pressure. In normal subjects and those with quiescent 
glaucoma, the serum sodium then shewed a rise followed by a secondary fall 


in 3 to 5 hrs (Fig. 4). In the majority of cases of active glaucoma the serum 
sodium fell steadily for 7 hrs and remained below its initial level for about 


20 hrs (Fig. 2). ; 
TABLE II 
CHANGES IN SERUM SODIUM AFTER DIAMOX 





Serum Sodium -< /L) 





















































Time (hrs) | 
ESS on Se ee ES Ge. 
[a [tag [ast [ast | 148 LS (144 | 142 
| 2 ia [137 [144 | t4a [143 [139° | 137 
(A) Active Case No. | 3 | 144 | 139 ] 135 133 137 135 139 
4 144 142 139 137 136 137 137 
5 144 139 138 140 139 138 137 
| Average | 144-2 | 141-2 | 141-4 | 140-4 | 139-8 | 138-6 | 138-4 
| 6 | 144 | 144 | 144 | 137 | 141 | 141 [ 147 
| 7 | 147 144 139 142 140 144 138 
(B) Quiescent | Case No. 8 144 144 143 144 144 148 | 144 
| 9 | 144 | 141 | 141 140 | 143 144 138 
| Average | 144-7 | 143-2 | 141-7 | 140-7 | 142-0 | 144-2 | 141-7 
| 10 | 146 | 139 | 137 | 135 | 137 | 133 | 139 
1 144 144 141 138 143 137 138 
(©) Normal Case No. | 12 | 147 | 147 | 147 | 144 | 143 | 141 136 
[13 [ast [146 | 146 | 144 | 142 | 146 | 140 
| 14 [143 | tat | 136 | 143, | 144 | 144 | 144 











Average | 146-2 ath Weak 140°8 | 141°8 | 140+2 | 139-4 








One resistant case of quiescent glaucoma (Case 8) shewed virtually no 
initial fall in the level of serum sodium and a subsequent large rise; she 
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excreted very little sodium or urine and had only a slight fall in intra-ocular 
pressure (Fig. 5, opposite). The same phenomena were observed in an 
additional patient (Case 15) not included in the series, who became almost 
hysterical during the test (Fig. 6, opposite). 


Serum Potassium (Table III).—The changes in serum potassium, although of 
much less significance osmotically, were nevertheless appreciable. In all 
but one subject there was an initial fall during the first 2 hrs in all three groups 
which was usually followed by a rise. This rise was sustained up to the end 
of the 7-hr period in normal subjects and in quiescent glaucoma, but the 
active glaucoma cases shewed a fall in the last 2 hrs (Fig. 4). 


TABLE Ii 
CHANGES IN SERUM POTASSIUM AFTER DIAMOX 





Serum Potassium (mEq./L) 

























































































Time (hrs) 
0 4 1 2 3 5 7 
1 | 49 | 56 | 54 | 5-6 | 5-4 | 51 | 4-4 
2 | 49 | 3-8 | 3-8 | 3-8 | 41 | 44 | 41 
(A) Active CaseNo.| 3 | 4:9 | 4:6 | 4:1 | 3-8 | 4-4 | 4-4 | 4-4 
4 | 46 | 44 | 44 | 3-8 | 3-8 | 3-8 | 41 
5 | 46] 41 | 41 | 41 | 42 | 41 | 3-8 
Average 48 | 45 | 43 | 42 | 44 | 44 | 42 
6 pit is in ee a oe valk 
7 | 54 | 56 | 49°] 46 | 46 1 49 | 4-9 
(B) Quiescent | CaseNo.| 8 | 5-6 | 5:1 | 4:9 | 5-1 | 5-6 | 5:6 | 5:6 
9/51 | 44 | 44 | 46 | 49 | 5-1 | 56 
Average 5-4 5:0 4:7 4:8 5:0 ma 5-4 
10 | 46 | 46 | 41 | 3-8 | 3-8 | 41 | 4-1 
1 | 49 | 46 | 44 | 41 | 3-8 | 4:9 | 4-6 
12/49 | 49 | 46 | 44 | 41 | 41 | 56 

(C) Normal Case No. 

13/49 | 44 | 44 | 44 | 41 | 44 | 46 
14/51 | 49 | 46 | 5-1 | 4a | 41 | 5-1 
Average 4-9 | 4:7 | 4-4 | 4-4 | 4.0 | 4:3 | 4:8 

Excretion 


(a) Urinary Output.—The period of maximum output occurred during the 
first 2 hrs, and coincided in all subjects with the period of maximum fall in 
intra-ocular pressure. In active glaucoma cases the increase in urine flow 
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lar was noticeably less.and the fall in intra-ocular pressure was greater during 
an this period than in the other two groups (Fig. 4). Cases 5, 8 (Fig. 5), and 15 
‘ost (Fig. 6) with a small diuresis shewed very little fall in intra-ocular pressure. 
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Fic. 6.—Effect of emotion on results of Diamox test in Case 15. 
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(6) Output of Sodium and Potassium.—The excretion of these electrolytes 
was at a maximum during the second hour, the rate of excretion and total out- 
put in 7 hrs being less in glaucomatous subjects than in normals (Fig. 4). 

The true increase in excretion caused by Diamox over the “ expected 
rate” can be.shewn by deducting the output of the control day from that of 
the test day for the same time period (viz. 10 a.m. to 5 p.m.). A comparison 
of the cumulative excretion of urine and of electrolytes in the three groups of 
subjects shews that the increase in Na* output is again noticeably lower in 
glaucomatous subjects throughout the test (Table IV). 


TABLE IV 
*CUMULATIVE INCREASE IN URINARY OUTPUT DUE TO 250 mg. DIAMOX 









































sae Glaucoma 
ubjects Normal 
Active | Quiescent 

1 hr 190 141 | 198 

2 hrs 401 328 | 374 
Urine Flow (ml.) 

7 hrs 641 566 | 669 

1 hr 15 | 9 | 14 

2 hrs 38 | 18 | 25 
Na+ Output (mEq.) 

7 hrs 80 | 51 | 61 

1 hr 4-7 | 2-8 | 4-6 

2 hrs 11-7 | 6-4 | 9-3 
K+ Output (mEq.) 

Thr 20 | 16 | 20 

| 











* Average for each group of subjects. 
Discussion 

Our results show that, whereas there is a variation in the degree of fall of 
intra-ocular pressure as between one subject and another after a single dose 
of Diamox, the response in each eye of any particular subject is remarkably 
alike, even. when one eye had been trephined. 

Although the maximum fall in intra-ocular pressure observed in active 
glaucoma is greater than in quiescent glaucoma or in normal subjects, the 
percentage fall is of the same order in all three groups. Furthermote it 
coincides with the period of maximum increase in the urinary output of 
water and of electrolytes (Na* and K*), and with a fall in the level of serum 
sodium. 

These facts suggest that the fluctuations of intra-ocular pressure which 
occur may be an intrinsic part of the osmotic changes which affect the body 
as a whole, and that any speculation as to the mode of action of Diamox 
upon the eye should therefore allow for the systemic effects of the drug. 
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Our findings concerning the effect of Diamox on urinary excretion confirm 
those of Lepri and Andreani (1955) who observed a similar diuresis in both 
normal and glaucomatous patients, but are contrary to those of Leydhecker 
and Helferich (1955) who found that after a dose of Diamox the minimum 
intra-ocular pressure was reached before the onset of diuresis, the volume 
excreted after 750 mg. Diamox being only 100-150 ml. in the first 3 hrs. 

In our cases, after 250 mg. Diamox, the least individual output was never 
less than 300 ml. during this period, the average for all the glaucomatous 
cases being 610 ml. as opposed to 721 ml. for normal subjects. 

In several of our glaucoma subjects the fall in intra-ocular pressure was 
actually commensurate with the volume of urinary output. 

In two cases of quiescent glaucoma a very small output of urine and of 
electrolytes was accompanied by a correspondingly small decrease in intra- 
ocular pressure, while this phenomenon was also seen in the hysterical subject 
(Case 15), in whom antidiuretic factors arising from emotion may well have 
overcome the systemic effects of Diamox. 

One might conclude from these observations that the loss of an appreciable 
volume of body fluid alone would account for a coincident fall in intra-ocular 
pressure, particularly in view of the fact that the imbibition of a similar amount 
of water (now in use as a provocative test for glaucoma) will so readily 
promote a rise in intra-ocular pressure. 

But Becker (1955) has shown that Diamox will still bring about a fall in 
intra-ocular pressure within 2 hrs in nephrectomized rabbits. Although the 
responses of such animals may not bear a close resemblance to those of 
human beings with normal renal function, his experiments suggest that the 
fall in intra-ocula1 pressure is not the direct outcome of increased winary 
output, but it may nevertheless be associated with changes in the distribution 
of fluid and of electrolytes within the body. 

In the human subject on a controlled intake of water and sodium it is 
possible to gain some idea whether such changes occur by comparing the 
progressive alteration in composition of the blood and of the urine. 

The blood may be considered to be an integral part of the extracellular 
fluid (E.C.F.) of the body. If the initial volume of E.C.F. is taken as 15L, 
its initial sodium content will be 15 x—the initial level of serum sodium. 
In any ensuing period (e.g. in 1 hr., 2 hrs, and 7 hrs) it is possible to estimate 
the resultant concentration of sodium in the E.C.F. by a calculation based 
on the actual intake and output of water and sodium during the period. 

Two examples are given in Table V (overleaf), which shows that, whereas 
the estimated level of E.C.F. Na* 1emains remarkably constant, the level of 
serum Na+, as found by analysis by the flame’ photometer, shows a fall. 
This was the’ case in each individual subject, whether normal or glaucomatous. 
The degree of fall is outside the experimental error and is larger, in both 
normal and glaucomatous subjects, than any diurnal variation. It suggests 
that an alteration occurs in the E.C.F., which is due either to the loss of 
sodium, or more probably to the gain of water from the intracellular fluid. 
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TABLE V 


COMPARISON OF ESTIMATED CHANGE IN E.C.F. SODIUM 
WITH ACTUAL SERUM SODIUM 


















































Ba Estimated Actual 
Time E.C.F. E.C.F. (Nat) (Nat) 
Subject (hrs) Volume (L) | Nat (mEq.) E.C.F. Serum 
(mEq./L) (mEq./L) 
0 15-00 2190 146-0 146-0 
1 14-85 2169 146-1 137-0 
(A) Normal 
(Case 10) 2 14-75 2150 145-8 135-0 
7 14-40 2111 146-5 139-0 
0 15-00 2160 144 144 
1 14-96 2150 143-7 135 
(B) Active 
Glaucoma 2 14-85 2135 143-8 133 
(Case 2) 
7 14-39 2083 144-8 139 











Summary 


(1) The correlation of the systemic and intra-ocular effects of a single dose of 
250 mg. Diamox shews in almost every subject (both normal and glaucomatous) 
in the first 2 hrs, an initial fall in intra-ocular pressure which coincides with a fall in 
serum sodium, and an increased rate of excretion of urine and of urinary 
sodium and potassium. 

(2) Glaucomatous patients excreted a slightly smaller volume of urine and 
smaller amounts of sodium and potassium than did normal subjects in the 7-hr 
test period after Diamox. 

(3) A comparison of the cumulative increases in urinary output caused by 
Diamox above the “ expected output ” also confirms that a particularly low increase 
in sodium excretion occurs in glaucomatous subjects. - 

(4) The significance of the fall in serum sodium is discussed in relation to the 
depletion of water and sodium from the body. 

Our thanks are due to Dr. T. Hanley for helpful criticism and advice, and to Messrs. Lederle 
for a supply of Diamox. 
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CONTACT LENSES IN TREATMENT OF 
KERATOCONUS* 


BY 


FREDERICK RIDLEY 
London 


THE increasing recognition of the importance of contact lenses in the treat- 
ment of keratoconus has led to a quite exceptional concentration of these 
cases in the Contact\Lens Department at the Royal Westminster branch of 
the Moorfields, Westminster and Central Eye Hospital. It is possible that 
the opportunity to analyse in detail such a large series of keratoconus cases 
has not previously occurred, and it is proposed to present the general picture 
of the disease as seen in these cases and to draw certain conclusions, before 
proceeding to consider in greater detail the treatment of keratoconus using 
contact lenses, 


Material 

Between April, 1951, and September, 1955, rather more than 2,000 patients were 
seen at the Contact Lens Department. Of these 2,000 patients, 92 were sent with 
a diagnosis of keratoconus. They came from all over the British Isles and indeed 
several from abroad. Most of the cases were sent because the affected eye or eyes 
were not adequately corrected by spectacles. Many were sent hoping that contact , 
lenses would prove an alternative to surgery. To this extent the material is selected, 
and it is probable that it is weighted fairly heavily in the direction of severe cases, 
especially in the older age groups. It is unlikely, however, to be weighted in any 
way as regards sex, right or left eye, age, or other characteristic, except that we may 
have seen relatively few monocular cases. All these patients have had a routine 
medical examination. No special clinical inquiry directed to the problem of 
keratoconus has been undertaken. 

Secondary Diagnoses.—The following secondary diagnoses were recorded: 
interstitial keratitis with cataract and nebulae (two cases), squint (one), 
iridectomy (one), myopic fundus degeneration (one). 

In one case cataracts had been removed in both eyes, and one instance of 
unilateral astigmatism of 12 D may not have been a true case of keratoconus. 
Where these findings would vitiate the investigation, individual cases have 
been excluded. 


at 
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Allergy.—15-2 per cent. of these 92 cases gave a history of allergy, includ- 
ing hay fever, 7-6 per cent.; asthma, 4.3 per cent.; allergic dermatitis, 
3-3 per cent. 

The general rate, excluding keratoconus, for 2,000 cases is 4-2 per cent., 
so that keratoconus patients show an incidence of allergy 3-65 times greater 
than the average of all cases seen in the department. These cases of alleigy 
were distributed evenly as to age and sex. 

Lenticonus.—Residual astigmatism when a contact lens is worn may be 
presumed to be lenticular. In this series, ten cases showed residual astig- 
matism exceeding 0-75 D. Both eyes were affected in five cases and one 
eye in five cases. Of the fifteen eyes thus affected, six showed 1D, five 2D, 
three 3D, and one 4D of astigmatism. It is fairly certain that many cases of 
symmetrical lenticonus, not revealed by this method of investigation, also 
exist. Lenticonus complicating keratoconus does not seem to be related to 
the severity of the disease. 

Keratoconus Posticus.—This was recorded in six cases. 

General Observations.—Scrutiny of each of the 92 cases shows that almost 
invariably the eye with the greater total of refractive error has the worse 
vision and was the first eye to be affected. For statistical purposes this 
assumption has been regarded as true throughout the investigation. 

There were 42 males and fifty females in this series, evenly distributed in all 
age groups ranging from 8 to 70 years of age. Right and left eyes were 
similarly affected as between males and females at all ages; the evidence does 
not suggest that the right or left eye is more frequently the first-eye to be 
affected in either sex. 

As a rule, the active phase of the disease is over by the time the patient has 
attained 27 years of age: of the cases over 27 years of age, 12-75 per cent. 
still had 6/6 vision in one eye with spectacles. The true figure for unilateral 
cases is certainly higher than this, since it is to be presumed that many people 
having a visual acuity of 6/6 in one eye will not seek relief, or will not have 
been referred to the department. 

In. 59 cases, it was possible to record the age at which the disease first 
became apparent. Fig. | shows that the disease rarely begins outside the 
ages 10 to 25, and that 67-8 per cent. of all cases are first observed between 
the ages of 10 and 20, with a peak at 16-1 years. 


Course of the Disease.—The first eye to be affected follows 4 more severe 
course than the second eye in most cases. Accordingly the first and second 
eye affected have been treated as two distinct groups. Fig. 2 shows how 
the mean visual acuity in the better and worse eyes changes from year to 
yeat up to 8 years from the date when the case is first diagnosed. 41 cases 
were available for this investigation. The following conclusions were 
reached: 

(1) The course of the disease is not influenced by the age when it is first observed. 
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(2) The first eye to be affected is often in the fully-developed stage of the disease 
when first seen and deteriorates little subsequently. 

(3) The second eye affected shows a different picture. The mean visual acuity 
of this group drops from 6/6 to between 6/12 and 6/18 in the first 2 or 3 years of 
observation. It then remains fairly steady for the rest of the 8 years as compared 
with the mean figure of 6/36 for the first eye affected... The curves for the second 
eye are parallel whether we exclude or include eyes having 6/6 vision with spectacles, 


and it is probable that this is indeed the course of the disease in the second eye. 
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Fig. 3 shows that, on the average, the better eye already has about 
—1-5D myopia correctable to 6/6 when the case comes under observation. 
The distribution of refractive error at each level of visual acuity, which we 
shal) consider later (Fig. 5), suggests that the great majority of these cases 
are already suffering from the disease and have deteriorated from a probable 
emmetropia. The disease is one of “ giving way ” of the central area of the 
cornea. In most cases this is at first regular in character and may be seen 
either as increasing relative myopia or increasing astigmatism or both. This 
may progress to as much as 4 dioptres in all, but at any point irregular 
stretching may supervene with deterioration of visual acuity with spectacles. 
]t is unusual for a cornea to stretch in a regular manner so as to give more 
than 4 dioptres of total relative myopia before the stretching becomes irregular 
and clinical keratoconus supervenes, 

The degree of astigmatism, as such, seems to have no direct relation to the 
visual acuity. Both spherical and astigmatic stretching may remain regular 
and correctable by spectacles, in exceptional cases, up to quite high figures. 
The presence of undoubted keratoconus in the fellow eye may be held to 
establish the diagnosis of keratoconus in such eyes as show these exceptional 
degrees of refractive error. This. group includes Amsler’s “ keratoconus 
fruste ”. 

In any case in which deterioration of vision not correctable by spectacles 
is observed, it may be possible that we are dealing with an anomalous 
keratoconus. I have had under observation for some years a woman now 
52, who between 43 and 48 years of age, being a myope —10D with pro- 
nounced myopic fundus changes involving the macular area, suffered a 
progressive deterioration of vision from 6/6 to 6/18 with spectacles. Her 
cornea showed a slight degree of keratoconus and her vision improved to 
6/6 with contact lenses. Such cases may be numerous if looked for. 
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Distribution of Total Refractive Error.—Hithetto we have not obtained a 
clear clinical picture of the initial state of refraétion in keratoconus. To 
ascertain this, those cases have been extracted in which a reliable refraction 
could be done and in which visual acuity was not worse than 6/36 with 
spectacles. Figs 4 and 5 show that 52 per cent. of eyes in patients: with 
keratoconus have between +2 and —2D of total error, and that 78 per 
cent. have between +2 and —5D, They are distributed roughly on a 
binomial curve similar to that for the general population (Fig. 4). This is 
true of all visual acuity groups 6/6 to 6/36 (Fig, 5). We may conclude that 


keratoconus attacks a population which is not selected as to initial refraction 
and centres upon the condition of emmetropia. 
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Fic. 4.—Results of refraction, percentage Fic. 5.—Results of refraction, degree of error 
etror in 92 cases. related to degree of visual acuity. 


This suggests that fellow eyes, still having 6/6 vision when the case is first 
observed (but as we saw previously, having an average tota} myopia of 
—1-5 D), are in most cases already affected by the disease. 


Age at Onset.—The recognition that keratoconus affects an unselected body 
of people as regards initia) refraction enables us to say that if one eye is 
already affected by keratoconus any increase in relative total myopia (and 
this may often mean a change from say +2 to +1-5 D) is presumptive 
evidence that the second eye is already affected by the disease. 

Taken in conjunction with Fig. 3, the slope of the graphs in Fig. 2 for the 
second eye affected suggests that, on the average, the 1elative myopia pio- 
gresses at about 1 D per year. This would place the occurrence of the true 
onset of the disease about 18 months before the visual acuity with spectacles 
begins to deteriorate in an average case. 

Identification of Active Disease.—In the present state of knowledge we cannot 
as a rule diagnose the first eye clinically until its visual acuity with spectacles 
begins to fall but we can diagnose the condition in the second eye very early 
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indeed if we keep a close watch for a change of total refraction almost always 
towards myopia. It is here that we may study the disease in its early active 
phase and here too we may hope to ascertain its aetiology and apply treat- 
ment successfully. This may well mean frequent, perhaps 3-monthly, 
refraction under a mydriatic, but in this way we may recognize the condition 
some 18 months earlier than is otherwise possible. 


Fitting Contact Lenses __ 
Selection of Cases.—Of the 92 cases seen, only nine were found unsuitable 
for contact lenses. Of the 83 cases accepted for fitting, 56 have been com- 
pleted and a final result obtained by September, 1955. Of these 56 cases, 
34 have had their lenses more than 12 months. 

Without exception, any keratoconus in which there is a red reflex should 
be tried out with contact lenses. Alternatively, any patient who can count 
fingers at 1 ft. with spectacles should give them a trial. There is some evidence 
that the regular wearing of contact lenses arrests, or at least greatly reduces, 
the rate of progress of the disease. Perhaps even with 6/6vision in one eye both 
eyes should be fitted and contact lenses worn up to the age of 30 when the 
disease seems almost invariably to have burnt itself out, unless it is feasible 
to keep the unaffected eye under constant observation. 

Allergy and a light-sensitive skin tend to reduce the wearing time and may 
give rise to periods when the contact lenses cannot be worn. All eyes that 
are not hopeless should be fitted, and in this I include extreme conus and 
active ulceration. However extreme the conus, it is almost always possible to 
fit a contact lens, albeit with much technical difficulty, and in our experience 
ulcerating cases have healed under a lens and the eye has become comfortable. 


Technical Details.—Always mould; always avoid apical touch; in severe cases 
seek to fit a lens directly off the mould and so avoid dead spaces under the 
lens and secure a stable fit. In severe conus, orthodox lenses tend to be a 
very sloppy fit and it is impossible to avoid corneal touch with consequent 
discomfort. This approach often means that no true optical surface can be 
worked on the back of the lens, but even so it is possible as a rule to secure 
a visual acuity of 6/9, and even 6/5 has been achieved. This technique 
necessitates an almost perfect mould and very careful processing since we are 
seeking to copy precisely both the form and surface of the cone of the eye. 
No fitting can be done over this area at all; indeed by this method we try to 
avoid fitting altogether. In all cases construct the contact lenses with an 
optimum front contour to secure comfort and symmetry in the two eyes. 


Type of Lens.—In severe cases fenestration may be impossible because the 
apex of the cone lies off, usually below, the optical axis and the bubble would 
lie in the line of sight. We have to rely in these cases on a lens with minimal 
apical clearance but provided with a drainage channel or a loose area to 
facilitate fluid exchange and prevent the development of a negative pressure 
under the lens, so that veiling will not occur.: No lens should be passed 
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which “ sticks” in use. The ideal lens in many cases of keratoconus is one 
that is a true glove fit overall. 


Fitting Time and Adaptability.—Keratoconus cases are fitted with much the 


same facility as other types of case and learn to use and wear their lenses 
equally well and quickly. 


Special Problems.—In rare cases of keratoconus grey or partially translucent 
areas cause optical distortion within the pupil and give rise to blurring of the 
retinal image even with a contact lens, although there is some clear cornea 
present; in one case optical iridectomy had been performed in addition. In 
such cases an opaque contact lens simulating an artificial eye having an 
optically worked pupillary area may be constructed, in which the clear area 
of cornea is opposed to the pupil of the contact lens and the grey areas are 
masked. 


Clinical Results 


Immediate Results.—In no other type of case save clear but distorted pene- 
trating corneal grafts are the visual results obtained by contact lenses so 
dramatic. In each column in Fig. 6 the light shading represents the number 
of eyes in the present series with a certain degree of visual acuity (wearing 
spectacles). The dark shading represents the visual acuity attained by each 
eye wearing a contact lens as opposed to spectacles. The few eyes not 
improved carry no dark shading above the light column. If an eye 
with keratoconus can count fingers at 1 ft. with spectacles it is very possible 
that contact lenses will restore useful and even normal vision. Eyes that 
cannot count fingers at 1 ft. are rarely improved. 


CONTACT LENS VISION 9 
SPECTACLE VISION I] 


VISUAL ACUITY 
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Fic. 6.—Degree of visual improvement with contact lenses as compared with 
spectacles. 
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We may draw general conclusions from Fig. 6 by considering the kera- 
toconus patients as a whole. To do this we allot “ visual units ”’, ten for 
6/6, nine for 6/9, down to one for counting fingers at 1 ft (Ridley, 1954), 
and so calculate the number of units at each visual acuity level enjoyed by 
this group of patients. The right-hand section of Fig. 7 represents the total 
visual capacity of this group wearing spectacles, distributed at -various 
degrees of acuity. The left-hand section represents the visual capacity of 
the same set of patiénts wearing contact:lenses. Here not only is the total 
vision enjeyed greatly increased, but it is concentrated in the higher degrees 
of ‘visual acuity. Keratoconus patients fitted with contact lenses not only 
enjoy this improvement in vision, but they are at the same time rendered 
iseikonic and fully binocular with a full visual field, and the more severe 
cases are made much more comfortable physically. 
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Fic. 7.—Visual capacity (calculated in visual units) in keratoconus patients at 
various levels of visual acuity: (A) using contact lenses; (B) using spectacles. 


Percentage of 172 eyes. 


Long-Term Results.—The effect is probably permanent in most cases. Since 
the contact lens abolishes the cornea optically, any increase in the cone will 
show only when corneal touch occurs and the lens has to be hollowed out 
to accommodate it. This procedure has so far been necessary in only one 


case in this series. 
Wearing Time.—A patient is described as an “all-day wearer ” if he has no 


enforced rest periods in an arbitrary “ wearing time” of 16 hours daily. 
This length of time represents the normal full day and is greater than the 
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number of hours that can be achieved by a “ discontinuous wearer ”’, who 
wears his lenses for x periods of y hours a day and has to take one or more 
enforced rest periods which may vary from 15min. toonehour. A standard 
wearing time (S.W.T.) for any case is arrived at by taking the total number of 
houts a discontinuous wearer wears his lenses in an average day or 16 hours 
for an all-day wearer. The follow-up of all the cases in the department is done 
as thoroughly as may be, a new record being secured for most cases every year. 
Fig. 8 shows the results obtained in the groups of cases fitted each year from 
1951 to 1955; in each group the follow-up demonstrates the known wearing 
time in successive years up to September, 1955. 
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Fic. 8.—Average wearing-time. Cases grouped according to number of years for 
which lenses have been in use. 


Summarizing this information about the 34 people who have had their 
lenses more than one year: we have lost trace of two, two are known to be 
abroad, and seven have given up—five on account of intercurrent disease or 
death, and two because they “can’t be bothered”. Our year-by-year 
records of the remaining 23 show that all still average 13 hours of wear daily. 

This question of wearing contact lenses has been dealt with at some 
length because there is a persistent belief that, though these patients wear 
their lenses reasonably well at first they soon give them up. Our records 
prove that this is not true; our work is justified not only by the immediate 
testoration of useful sight to many young people otherwise doomed to near 
blindness in one or both eyes, but also by the acid test of long-term results. 


Summary 
The medical records of 92 cases of keratoconus sent to the Contact Lens 
Department between 1951 and 1955 are reviewed and the general picture of 
the disease as seen in this group of cases is set out. Particular attention is 
drawn to the importance of keeping a close watch on the fellow eye from the 
first moment a case of keratoconus is diagnosed. Any shift of the total 
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refractive error in the second eye, usually towards myopia, is presumptive 
evidence that this eye is already affected by the disease. Since the majority 
of these cases become bilateral, and since the second eye usually becomes 
involved within 2 years of the first, this is a feasible clinical procedure which 
may assist in the discovery of the aetiology of the condition and enable 
treatment to be instituted much earlier. In only one case has evidence been 
obtained that an eye deteriorated after a contact lens was worn regularly, so 
that it seems possible that the wearing of'contact lenses arrests the progress 
of the disease. 

The 34 patients who have had their contact lenses for from 1 to 4 years 
were followed up. Only two had voluntarily given up wearing their lenses, 
and 23 who had worn them continuously and up to four years are known to 
average 13 hours of wear daily. It is concluded that contact lenses enable a 
high proportion of affected eyes to see usefully and even normally, that the 
lenses are tolerated well, and that the great improvement in vision as com- 
pared with that obtainable with spectacles is likely to be permanent. 

Sincere thanks are due to all those surgeons who have entrusted their cases to us, to the Medical 
Officers of the department whose work is reported and interpreted in this paper, to the non- 
medical staff, and in particular our Demonstrator-Fitter, Mr. T. C. Trodd, whose careful work 
has contributed so much to the results reported, to my secretary, Mrs White, for keeping the 
punch-card records, and much help in preparing the detailed analyses, and to Miss Ryder for her 
help in preparing the diagrams. 
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ELECTRO-OCULOGRAPHY AS A FUNCTIONAL TEST IN 
PATHOLOGICAL CONDITIONS OF THE FUNDUS* 


Il. BASE-VALUE AND DROP DURING DARK ADAPTATION 
BY 


J. FRANCOIS, G. VERRIEST, anp A. DE ROUCK 


From the Ophthalmological Clinic, University of Ghent, Belgium 
Director: Prof. Dr. J. Frangois 


IN our first paper (Frangois, Verriest, and De Rouck, 1955) we reported upon 
the modifications of the normal human electro-oculogram (EOG) by light 
adaptation (2,000 asb for 5 min,) and subsequent dark adaptation; if the 
former generally gives only a slight decrease in the initial value, the latter is 
constantly characterized by an initial increase in the recorded deflections 
(for 1 to 3 min.), followed by a large decrease which lasts about 10 min.; this 
drop is followed by a slight new increase. 

In a second contribution (Frangois and others, 1956) we studied an ar- 
bitrary and standardized base-value M in normal and pathological cases, and 
recognized that this value was often too low in cases of microphthalmia, 
primary pigmentary degeneration, cicatricial chorio-retinitis, and retinal 
detachment. 

As a third step in the physio-pathological study of the electrical standing 
potential of the eye, we now refer principally to the drop in the EOG during 
dark adaptation in pathological cases as compared with normal cases and 
with the base-values. 


Technique 


The electrode-scheme, the ocular movements, the registration, and the calculation of 
the mean deflection are identica] with those described in our previous paper (Francois 
and others, 1956). We determined first the base-value M (obtained, as before, in a 
moderate surround brightness of 10 lux, to which the patient adapts during the pre- 
paratory period). The subject is then light-adapted (whole binocular field; 2,000 asb 
for 5 min.), and the eye movements are recorded during the second or third minute. The 
subject is subsequently dark-adapted, and to obtain an estimate of the drop in the EOG it 
is sufficient to make records every 2 or 3 min. for 15 to 20 min. 

The mean deflection is calculated for each period of time. We have called the difference 
between the greatest and the least deflection d, and the quotient of d divided by the value 
of the greatest mean deflectionr. Very small drops (d< 10 V) are indistinguishable from 
artefacts. : 

The patients used in this work had normal ocular motility. A comparison of the 
technique described with galvanometric records obtained in the same conditions proved 
the reliability of the results. 


*Received for publication December 24, 1955, 
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Physiological Values 

We have already referred to the physiological values of M. For normal subjects, 
m, the arithmetical mean of d, is equal to 143 uV, and its standard deviation o is 
equal to 38-5 uV. On the other hand, for r, these values are 0-33 and 0-11 
respectively. The normal values m + 20 are 285 to 525 uV for M, 66 to 220 uV for 
d, and 0-11 to 0-55 for r. 

The graphical representation of the modifications of the EOG of normal 
subjects during dark adaptation is also interesting (Fig. 1). The decrease is most 
conspicuous between the third and the ninth minute; between the ninth and 12-15th 
minute, the EOG often continues to fall but much more gradually (20 to 30 pV). 

In most cases, we measured the degree of adaptation at the same time as the 
EOG was obtained (integral thresholds : 1 hertz), and we usually recorded the 
electroretinogram immediately after the EOG. The physiological range of the 
amplitude of the b-wave in scotopic conditions is 125 to 250 uV by our technique. 


Pathological Eye-Conditions 
(1) Congenital Functional Abnormalities of the Retina 


Four protanopic eyes showed normal values of M and very pronounced drops 
during dark adaptation, although in the physiological range. Values of 430, 297, 
297, and 347 uV for M corresponded to 165, 150, 150, and 153 uV for d, and to 
0:43, 0:50, 0-44, and 0-46 for r. 
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Fic. 1.—Normal drops in EOG during dark Fic. 2.—Pathological drops in EOG 


adaptation. in cases of retinitis pigmentosa. 
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Our case of Oguchi’s disease, to the normal base-values of which we have already 
referred, also showed normal drops: 
d Right Eye 163; Left Eye 180 nV 
r Right Eye 0-40; Left Eye 0-42. 


(2) Tapeto-Retinal Degenerations 

In four cases of primary pigmentary degeneration (Fig. 2) with normal or slightly 
subnormal base-values M=460 and 427 »V; 352 and 340 uV; 305 and 265 pV; 
290 and 352 uV, the changes during dark adaptation were frankly pathological: 

d Right Eye 35, Left Eye 30 ».V; Right Eye 7, Left Eye 8 uV; No drop; No drop. 
r Right Eye 0:08, Left Eye 0-07; Both eyes 0:02; No drop; No drop. 

During further dark adaptation, the deflections increased for three of the four 
patients. 

A case of unilateral primary pigmentary degeneration (fully described in a 
previous communication: Frangois and Verriest, 1952) showed very interesting 
features. The affected eye had a pathological base-value (M= 142 uV) and showed 
practically no drop during dark adaptation (d=7 uV; r=0-06) and the electro- 
retinogram was absent. The contralateral eye, affected only by a macular pseudo- 
coloboma, had a slightly subnormal base-value (M=270 uV) but an entirely normal 
drop during dark adaptation (d=175 nV; r=0-50) and the electroretinogram was 
normal (0-41 uV with the technique of Karpe). 

The EOG and ERG of a young girl with fundus lesions of the heterozygotic 
type were entirely normal. We alsa obtained normal values in two cases of 
juvenile macular degeneration and in one case of angioid streaks. 

In a young man with delayed puberty and perfectly normal ophthalmoscopic 
features, visual acuity, visual fields, and adaptometry, the base-value of the EOG 
was normal (M=475 pV), but the drop was extremely small (d=20 pV; r=0-04), 
and the ERG was also subnormal (75 pV). 


(3) Chorio-retinitis (Fig. 3, overleaf) 

In a case of extensive acute diffuse chorio-retinitis of the left eye, we found a 
base-value which was significantly diminished in comparison with the sound eye 
(M : Right Eye 517, Left Eye 335 uV) and scarcely any drop during dark adaptation 
(d=10 pV; r=0-03); the ERG was absent. 

Seven eyes with a cicatricial diffuse chorio-retinitis and normal base-values had 
pathological to slightly subnormal drops during dark adaptation, the d and r 
being 40 vV and 0-09; 23 uV and 0-06; 35 uV and 0-10: 70 uV and 0-14; 50 uV 
and 0-15; 55 »V and 0-18; and 45 uV and 0-18 respectively, The drops were 
characterized not only by small amplitude but also by late onset and a gradual 
slope. The ERG was generally subnormal. 


On the contrary, five eyes with localized chorio-retinitis showed normal drops. 


(4) Myopia Gravis and Retinal Detachment (Fig. 4, overleaf) 

Several eyes with myopia gravis had normal EOGs and ERGs, but five cases of 
Tetinal detachment had pathological drops during dark adaptation. The base- 
" Value of the affected eye was more or less significantly reduced in comparison with 
the sound eye and the ERGs were absent or subnormal. One patient had a base- 


a of 325 uV and no drop during dark adaptation; a month later the EOG was 
absent. 
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in cases of chorio-retinitis, cases of retinal detachment. 


Four cases of healed retinal detachment also showed pathological drops. 


Two cases of incipient atrophy of the eyeball had pathological base-values 
(M=167 and 70 .V), but one of them showed a marked drop during dark adapta- 
tion (d=145 pV; r=0-65), and the ERG was present (80 uV) despite a complete 


cataract. 
A case of siderosis bulbi with persistent intra-ocular body had a subnormal 


base-value (M=260 uV) and practically no drop (d=5 uY), and the ERG was 


absent. 


(5) Vascular Disturbances (Fig. 5, opposite) 
In mild cases of vascular retinopathy (hypertensive and diabetic) we found 
entirely normal values. In more advanced cases, however, the drop was subnormal 


or frankly pathological. 


In a case of periarteritis nodosa (a man aged 37, with papillary oedema and 


typical pigmentary changes of the fundus), the base-values were pathological 
(M : Right Eye 147, Left Eye 127 pV), but there was a small but undisputable drop 


during dark adaptation: 
@ ; Right Eye 21, Left Eye 57 pv 
r : Right Eye 0-15, Left Eye 0-31. 
The ERG (75 and 60 uV) and the subjective dark-adaptation-curve (threshold 


after 15 min. : log p asb 2-0) were both subnormal for both eyes. 
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Similar changes were seen in a case of advanced retinitis diabetica with rubeosis 
> iridis: 

M ; Right Eye 135, Left Eye 185 pv 

d_ : Right Eye 30, Left Eye 20 uV 

Y : Right Eye 0:20, Left Eye 0:10 

Amplitude of the 6-wave: Right Eye 85, Left Eye 70 uV. 

Threshold after 15 min. : Right Eye log » asb 2:6 ; Left Eye 3-3, 


In another case of retinitis diabetica with rubeosis we found pathological base- 
values (M—175 and 245 uV) but normal drops. 
A comparison between two cases of embolism of the central artery is particularly 
interesting: 
(i) The base-value was normal (M : 445 uV affected eye, 435 uV sound eye) but 
the drop was barely demonstrable (d=8 pV; r=0-2); the ERG was absent. 


(ii) The base-value was significantly reduced (M : 325 uV affected eye, 510 pV 
sound eye), but there was a marked drop (d=43 pV; ;=0-12); the ERG was present 
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Fic. 5.—Pathological drops in EOG in cases 


of retinal vascular disturbance. 


although subnormal (amplitude of 


b-wave 50 pV). 

The results in these two cases sure 
port the view that the base-value of 
the EOG is independent of the ERG 
and depends merely on the presence 
of the photo-receptors, whereas the 
drop in the EOG during dark adapta- 
tion and the amplitude of the b-wave 
of the scotopic ERG are inter- 
dependent and express the intra- 
retinal conductibility. If this is true, 
the first of these two cases of embo- 
lism is characterized by the integrity 
of the receptors with abolition of 
retina] conduction, and the second by 
partial destruction of the receptors, 
with better preservation of the intra- 
retinal pathways. 

In several cases of retinal periphle- 
bitis, the ROG and the ERG were 
perfectly normal. 

In a case of choked disc with a 


supranormal ERG (Right Eye 410; 
Left Eye 400 pV), the base-values of 


the EOG and its modifications during 
dark adaptation were normal and 
high 
d : Right Eye 182, Left Eye 172 vY 
r + Right eye 0-41, Left Eye 0-39. 
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(6) Glaucoma 


In cases of wide-angle glaucoma, normal values were obtained even in a prac- 
tically blind eye: 


M=357 uV; d=155 uV; r=0: 40: amplitude of b-wave 155 uV. 


On the other hand, in a case of congenital glaucoma, one eye was normal and 
the other subnormal. 


(7) Optic Pathways 


The values were entirely normal in cases of retrobulbar neuritis, tumour of the 
hypophysis, and homonymous hemianopia of vascular aetiology. 


Significance of EOG-Changes 


(1) Base-Value.—This present investigation confirms our previous con- 
clusions (Francois, Verriest,and De Rouck, 1956) concerning the pathological 
conditions in which the base-value is diminished, but severe vascular af- 
fections and siderosis may also be added to the list. We have also noted 
absent EOGs in one case of retinal detachment and one case of microph- 
thalmia with no vision. 

The graphic study of the interrelation between the base-value and other 
visual functions does not demonstrate any direct inter-dependence of the 
base-value and the adaptometric thresholds, the amplitude of the scotopic 
b-wave, or even the drop of the EOG itself during dark adaptation. A 
blind eye can have a normal base-value, and conversely a seeing eye can have 
a subnormal base-value; an eye with retinitis pigmentosa has no b-wave and 
yet can have a normal base-value, and conversely our case of periarteritis 
nodosa had diminished base-values and present, although reduced, b-waves; 
many eyes had very high base-values and no drop, or else low base-values 
and a marked drop. 

The base-value seems, as previous authors have established on physiological 
grounds, to be related to the existence of functioning visual receptors. When 
the base-value is diminished, there are always great defects in the visual fields 
or an actual diminution of the dimensions of the eye (microphthalmia). An 
eye with no EOG is blind, but the EOG may be normal in cases of amaurosis 
caused by extra-receptoral lesions. These lesions may be extra-ocular (e.g. 
retrobulbar neuritis, atrophy of the optic nerve), intra-ocular (e.g. opacifica- 
tion of the media), or even intra-retinal (e.g. retinitis pigmentosa). Cases 
of initial retinitis pigmentosa with practically normal subjective visual 
functions have a normal base-value and an absent ERG; if the visual receptors 
are necessary for the production of the ERG, their existence and even a nor- 
mal visual perception is not sufficient to elicit it. 


For these reasons, the determination of the base-value of the EOG is a new 
means of functional examination of very great theoretical and practical 
interest; perhaps it is hitherto the only technique which permits us to estimate 
objectively the isolated function of the visual receptors, even in blind eyes. 
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(2) Drop during Dark Adaptation.—We have already stated that this drop 


is independent of the base-value of the EOG; nor is there any connexion 
with the adaptometric thresholds and other visual subjective functions. 
However, the cases described above show that the drop and the amplitude of 
the b-wave of the scotopic ERG are interdependent. Despite numerous 
minute ee rern errors in recording both functions, this interrelation — 

is also seen graphically 
(Fig. 6). 

Like the base-value, the 
drop during dark adapta- 
tion and the amplitude of 
the b-wave are affected not 
by extra-ocular causes of 
blindness or diminution 
of vision (e.g. retrobulbar 
neuritis) but only by intra- 
retinal disease. In inci- 
pient retinitis pigmentosa, 
for example, the EOG-drop 
and the ERG may be much 
more affected than the 

pte oy giaer ‘between drops in EOG duting subjective functions, and 

ERG. are perhaps related to a 

mechanism of conduction 
in which severe interference is not necessarily fatal to vision. 

The parallelism between EOG-drop and scotopic b-wave does not hold 
true in congenital hemeralopia: in our case of Oguchi’s disease the response 
to light-stimuli was negative and the scotopic b-wave was absent, yet the 
drop during dark adaptation was normal. This illustrates the extremely 
aberrant character of the mechanisms of vision in that disease. 

Generally the drop in the EOG during dark adaptation and the amplitude of 
the scotopic b-wave are affected to the same degree. Both functions are con- 
ditioned not only by the function of the photo-receptors but also by an intra- 
retinal mechanism. Their apparent disappearance is not incompatible with 
the preservation of vision. 
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Summary 

The authors have studied an arbitrary standardized base-value and a 
standardized drop during dark adaptation in the electro-oculogram for 
normal and pathological eyes. The base-value is not directly related to the. 
subjective visual functions, the ERG, or the drop in the EOG during dark 
adaptation, but appears to offer a means of estimating the isolated function of 
the visual receptors. On the other hand, the drop during dark adaptation 
and the amplitude of the scotopic b-wave of the ERG are interrelated and 
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their presence requires the existence not only of functional receptors but also 
of an intra-retinal mechanism the apparent suppression of which is not 
incompatible with vision. Details are given of various cases of retinal 
diseases. 
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BOOK REVIEWS 


A Handbook of Ophthalmology. By HumpHrey NEAME and F. A. WILLIAMSON-NOBLE, 
Eighth edition, 1956. Pp. 360, 13 plates, 154 figs. Churchill, London. (30s.). 


The eighth edition of this book has been revised to include a number of advances in 
treatment and techniques. Within its limited compass, which the authors maintain as a 
feature of the book, all the common eye diseases receive at least a brief mention, and 
included in the present edition are retrolental fibroplasia and toxoplasmosis. 

It is probably true to say that there are few books written which completely fulfil the 
purpose for which they are intended, and in a book primarily planned for the under- 


. graduate exceptional care has to be taken to lead him along the right lines. The brief 


and guarded reference to the history of the patient in the chapter on examination of the 
eyes tends to detract from the importance of what is, to many clinicians, the foundation 
stone of their investigation. In the Table differentiating between the two main types of 
glaucoma and iritis, haloes, pain, and misty vision are included with the symptoms of | 
chronic (non-congestive) glaucoma, and a shallow anterior chamber is included as a 
feature of this condition. The description of glaucoma, both in this Table and in the 
Chapter on the same subject, makes use of the old nomenclature. The Chapter on 
ophthalmic operations reminds one of how rarely the undergraduate student takes ad- 
vantage cf his opportunities to see these operations for himself, and it is to be hoped that 
the descriptions given of the more common operative procedures will interest him in visit- 
ing the operating theatre. Included at the end of the book is a Chapter on ophthalmic 
prescribing, and an Appendix giving the visual standards for the armed forces and for the 
civil service. Illustrations and coloured plates adequately supplement the text, and 
improvements have been incorporated without any significant increase in the size of the 
edition. 

- Although intended for the undergraduate student and general practitioner, the ground 
covered is rather in excess of the needs of either, and the book could to advantage te 
read selectively or used for reference. Sufficient detail is included to interest the early 
post-graduate student, and this voume will give him a simple and systematic introduction 
to ophthalmology. 


Ophthalmology (Augenheilkunde). By H. GAsteicer. 1956. Pp. 296, 252 figs. 
Walter de Gruyter, Berlin. (DM. 38.). 


This is a sound and readable short handbook on ophthalmology for medical students, 
dealing with the subject in a systematic manner. The volume is well produced, and the 
illustrations numerous and excellent; it in every way fulfills the function of a book 
of this type. / 


NOTES 


FACULTY OF OPHTHALMOLOGISTS 
Officers, 1956-57 


AT the Council meeting on May 11, 1956, the following were elected officers of the Faculty 
of Ophthalmologists for 1956-57: ‘ 


President: Dr. John Marshall 
Vice-Presidents: Mr. J. R. Wheeler 
Mr. L. H. Savin 


Hon. Treasurer: Mr. A. McKie Reid 
Hon. Secretary: Mr. E. F. King. 
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OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 


THE 76th Meeting of the Ophthalmological Society of the United Kingdom was held at 
the Royal Society of Medicine in London on April 26, 27, and 28, 1956, under the 
presidency of Mr. O. Gayer Morgan. This year’s meeting was honoured with an even 
larger gathering than usual and over thirty distinguished foreign visitors were present, 
including representatives from Poland, Australia, and America as well as many European 
countries. The annual dinner was held at the Royal: College of Surgeons. 





During the meeting a ceremonial presentation was made jointly by the Ophthalmological 
Society of the United Kingdom and the Faculty of Ophthalmologists to Sir Stewart 
Duke-Elder of his portrait, which had been painted by Mr. Ruskin Spear, R. A., as a 
mark of their appreciation after the completion of the seventh and last volume of his 
monumental Text-book of Ophthalmology. The portrait had teen purchased by sub- 
scriptions from over 240 members of the Ophthalmological Society and the Faculty of 
Ophthalmologists, and it was accompanied by two silver candlesticks chosen by Lady 
Duke-Elder. 

Mr. O. Gayer Morgan, President of the Ophthalmological Society of the United 
Kingdom, lightly touched on Sir Stewart’s many virtues in a short opening speech. He 
said that Sir Stewart had probably done more for ophthalniology than anyone since Sir 
William Bowman. His industry had been astonishing and he had never spared himself, 
but above all he had had for many years a vision of what British ophthalmology should be 
in the future, and he had seen it come true and the specialty flourish. He felt sure that 
no one had been such a popular or successful overseas ambassador in ophthalmology. 
Turning to the portrait, Mr. Morgan drew attention to “ the quick, bright, determined, 
and yet humorous eyes—the evidence of the midnight oil burned in the production of 
that monumental work for which in part we are honouring him to-day. There is the 
mouth just about to say something quite outrageous! How did the artist know about 
that characteristic feature which we all expect and enjoy so much?” He concluded by 
congratulating both the artist and sitter on the production of something that ophthal- 
mologists would all enjoy, and expressed happiness in associating Lady Duke-Elder with 
this presentation. 

He was followed‘by a short speech from Dr. John Marshall, President of the Faculty of 
Ophthalmologists, who as a fellow Scot felt it might be appropriate to misquote the words 
from J. M. Barrie’s play “‘ What Every Woman Knows” that so well could have been 
addressed to the youthful Duke-Elder ere he left the kingdom of Fife—‘*‘ A young man 
of your ability let loose upon the world, what could he not do? It’s almost appalling to 
think of; especially if he went among the English ”, and it was to take notice of this foray 
amongst the English that ophthalmologists were gathered that evening. Dr. Marshall 
outlined the many spheres in which Sir Stewart had reached such distinction and the 
varied debts that ophthalmology owed to his prowess, not omitting Sir Stewart’s charm of 
manner and tenacity of purpose that no amount of material success had allayed. 

After the presentation Sir Stewart made a graceful acknowledgment. In the course of 
his remarks he said: \" 

* And so life goes on. I suppose it will all stop some time; but meantime an experience like 
this pulls one with a jolt. Suddenly everything has changed; the objective has become subjective; 
facts have been overlaid with emotion. 

It is not so much that you, forgetting my many faults and failures, have collectively concluded 
that, on the whole, the things I have done have been good; it is the way that you have said so; 
it is your kindliness in telling me of it by this delightful ceremony and with this gift and the 
spirit it conveys. 

It has been said that the gifts that we give each other in life are for the most part cold and ex- 
pressionless because they convey so little of ourselves. The farmer should give of his corn, the 
sailor coral and shells, and the craftsman the product of his hands. Most things one gets in life— 
honours, position, and so on—are indeed cold and expressionless, and one leaves them behind 
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with the other bits of tinsel that one gathers in life. But this will remain with me for ever because 
of its emotional content; it is not cold and expressionless but warm and*comforting. It is the 
type of thing that gives an entirely new aspect to life, that gives it a new meaning that one never 
suspected before. It is like falling in love with a woman or seeing a vision on the road to 
Damascus. It completely transforms life, which is never quite the same again. 

For giving me this experience I give you my grateful thanks. From now on life for me will be 
less of a factual routine and more of a spiritual thing; because of this that you have done to me I 
will travel on with less of urgency and more of peace. 

I only wish, looking at things from my subjective point of view, that I felt within myself that I 
were more worthy of the spirit of the gift. I only wish that I had done for ophthalmology—and 
for you—as much as ophthalmology—and you—have done for me.” 


The first day of the congress opened with a discussion on the early diagnosis of glaucoma. 


Sir STEWART DUKE-ELDER gave a general introduction to the subject, and described the present 
view of the pathogenesis of both types of primary glaucoma, “‘ simple ” glaucoma and “ closed- 
angle” glaucoma. In the difficult matter of early diagnosis he described certain of the more 
important tests and stressed the importance of glaucoma clinics such as had recently been estab- 
lished at the Institute of Ophthalmology. 

Mr. P. L. BLAxTER continued the discussion and evaluated the methods of confirming the 
diagnosis in suspected cases of early glaucoma simplex. Mr. S.J. H. MILLER defined closed- 
angle glaucoma, particularly emphasizing the points that would assist the family doctor in its 
early recognition, the place of gonioscopy, and the relative value of the various provocative tests. 
Finally, Pror. G. P. SOURDILLE discussed his results obtained by the systematic measurement of 
aqueous resistance with the electronic tonometer in cases in which the diagnosis of early glaucoma 
was particularly difficult. 

Dr. C. M. H. PEDLER (Junior Assistant Pathologist at the Institute of Ophthalmology) gave 
the results of his attempt to evaluate the significance of hyaluronidase activity in its effect on the 
a a resistance, both in human and animal eyes, and discussed the possible significance 
of his findings. 

Pror. B. ROSENGREN gave the results of his attempt to compress the perilimbal sclera by a suction 
cup over the region of the intrascleral venous plexus, and determined the consequent rise of 
intra-ocular pressure by this obstruction to the aqueous outflow. An average of 15 mm. Hg 
was recorded after i5 minutes, but the values were variable and in certain cases rose to 20-30 mm. 
Hg (Schidtz). 

Mk. A. C. Hicaitr analysed the 110 cases of secondary glaucoma among the first 2,000 patients 
who had attended the Glaucoma Clinic at the Institute of Ophthalmology, and considered certain 
points that might aid to their earlier recognition. 

Mr. W. S. Fou.ps described the tonographic method of measuring the facility of aqueous 
outflow and detailed the provocative test that uses these measurements. 

Mr. A. G. LEIGH discussed the correct choice of case for perforating keratoplasty. 

Mr. K. C. WyBar reviewed the more recent clinical and experimental findings in endocrine 
exophthalmos, many of which are still conflicting. He thought a rational therapeutic approach 
to the problem of progressive endocrine exophthalmos must await an understanding of the mechan- 
ism of the fundamental lesion. 

Mr. J. H. Doccarrt briefly surveyed the main clinical varieties of infantile optic atrophy and 
its ophthalmoscopic signs. He emphasised the impossibility of ascertaining the degree of optic 
atrophy in infants and stressed that the prognosis should always be guarded. 

Pror. E. B. Dunpuy of Harvard Medical School, Boston, Mass., discussed the value of radio- 
active phosphorus in the diagnosis of ocular malignancy. Such radioactive chemicals tend to be 
preferentially absorbed by malignant tissues and their concentration can be assessed by a small 
Geiger-Muller counter which is held over the eyeball. This suggestion has generally proved 
valuable although with certain limitations. 

Mr. FRANK W. LAw analysed the results of ocular examination in 100 consecutive cases of 
migraine. Of these 22 had no significant refractive error, and only thirteen had an error of over 
two dioptres; there seemed to be no proof of any direct causal relationship between ocular 
abnormality and migraine, but the author considered that the correction of any such abnormality 
might contribute to the relief of symptoms. 

Pror, ARNOLD Sorssy presented an analysis to establish the range of axial length, corneal 
power, and lens power observed in emmetropia and varying degrees of hypermetropia and myopia. 
= concluded by some tentative evidence to show that the components of refraction are genetically 

etermined. 

Mr. P. A. GARDINER described a clinical investigation designed to assess the role that dietary 
factors played in the production of myopia. He showed that hypermetropes in relation to their 
physical growth eat 50 per cent. more carbohydrate and fat than active myopes per pound increase 
in weight over a given period of time, and 75 per cent. more protein per pound increase in weight, 
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Mr. T. KeiTH Lyte described an unusual case of vertical strabismus due to a congenital musculo- 
fascial anomaly associated with ptosis. 


The principal subject of discussion on the second day of the congress concerned herpetic 
infections of the outer eye. 


Mr. A. J. B. GoLpsmiTH, reviewed the ocular manifestations of the two herpes viruses, both 

common and important sources of eye disease, and both so accidentally similar in their mor- 
phological characteristics that until recently their identities were often confused. In our knowledge 
of the course and treatment of herpes simplex keratitis and herpes zoster kerato-uveitis there have 
been no striking advances in recent years. In the treatment of the dendritic ulcer, the standard 
eye manifestation of herpes simplex, carbolization or an equivalent chemical destruction of the 
corneal epithelium still seemed the only effective way of disposing of the virus itself. Antibiotics 
and chemotherapeutics were equally ineffective except against the secondary invaders, while the 
skin manifestations were still treated by simple drying applications, although radio-therapy 
might be useful if recurrences were liable to occur at the same site. Indeed the more basic therapy 
was thought to lie in the field of psychotherapy, particularly when dealing with superficial punctate 
keratitis, which was a similar form of superficial ulceration, and generally attributed to herpes 
simplex, but with little pathological confirmation of this. Topical cortisone was said to be 
positively dangerous in the early stages and to be of little definite advantage even when the virus 
was no longer active. The benefit of tarsorrhaphy was much less dramatic in herpes simplex 
than in herpes\zoster. The herpes zoster virus, which principally affected the mesodermal struc- 
tures of the eye—corneal parenchyma and uvea—although its ocular damage largely followed the 
corneal anaesthesia due to its involvement of the Gasserian ganglion, was equally unaffected by 
prema re| and chemotherapeutics, but cortisone was of great benefit even if its use were long- 
pro ; 
Dr. M. LepeRMAN then discussed the value of radio-therapy in such affections. He underlined 
the need for caution in the use of this dangerous weapon, and warned against too ready an ac- 
ceptance of the therapeutic importance of x-radiation, whilst its mode of action remained specula- 
tive and it had demonstrably no specific effect on the virus in clinical doses. Possibly it helped 
by promoting antibody formation, possibly by the disruption of leucocytes or the furtherance of 
capillary flow; but there seemed no doubt that in the majority of cases it allayed the pain and even 
seemed to promote healing. X-radiation was described as a general application of low voltage 
therapy to the whole eye when seeking symptomatic relief for indolent cases of keratitis (10r, once 
to twice a week for about 4 weeks, and continued only if it had indeed induced a definite but in- 
complete relief of symptoms), while p-radiation was indicated for direct application to promote 
healing of a corneal ulcer just as it was of frequent use in sealing corneal blood vessels before the 
operation of keratoplasty; a strontium shell was recommended with a dose of 500r. High 
voltage therapy was only of use in irradiation of the Gasserian ganglion for intractable post- 
herpetic neuralgia. 

Dr. J. A. DupDGEON described the distribution and life history of the herpes viruses, explaining 
their varied behaviour in relation to the varied states of the immunity that they produced. 

Mr. J. Minton then described a case of left herpes zoster ophthalmicus followed by virus 
encephalitis with right-sided hemiplegia, anaesthesia, and paraesthesia. 

Mr. GEORGE ALEXANDER illustrated the diagnostic value of colour isopters in perimetry with a 
series of cases which had expanding intracranial lesions. 

Mr. J. R. Hupson discussed the present status of orbital implants and prostheses. 

Mr. R. W. STEPHENSON described certain cases in which anti-coagulant therapy had been of 
value in incomplete central retinal vein thrombosis. 

e ae G. Figon reviewed modern methods of diagnosis and treatment of various types of retinal 
etac nt. 

Mr. E. G. MAckiE described the association of fundus changes with osteitis deformans 
(Paget’s disease). : 

Mr. Maurice WuitTING described the gonioscopic appearances after Herbert’s sclerotomy. 

Mr. A. STANWORTH discussed the main conclusions derived from a study of 237 consecutive 
cases of uveitis. No association was found between uveitis and osteo-arthritis, but non-granulo- 
matous uveitis was markedly associated with spinal arthritis and Reiter’s disease, although the 
ankylosing spondylitis was sometimes very mild and apparently inactive. 

Mr. J. C. MusTarDE detailed his method of reconstruction of the grossly contracted socket. 

Dr. B. A. BEMBRIDGE gave the results of his investigations of the histological changes occurring 
in the optic nerve during the formation of myelin, at the same time observing the direction in 
which ae proceeded to see if there was any particular sequence among the different 

oups of fibres. Ast 
eee JoHN Primrose described the use of the Maddox rod as a test of macular function in 
patients in whom the fundus was obscured through cataract. Such patients could normally 
discern a red streak from a Maddox rod and central breaks or distortions might become apparent. 
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INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


The following were present at the annual meeting held in Paris on May 5, 1956: 


Officers: Duke-Elder (President), Berens (Vice-President), Hartmann (Secretary), 
Amsler (Treasurer). 


Ex-officio: Bietti (President, International Organization against Trachoma), Coppez 
(President, International Congress, Brussels), Franceschetti (President, International Asso- 
ciation for Prevention of Blindness), Payne (President, Pan-American Ophihalmological 
Society), Alvaro (Brazil), Arruga (Spain), Charamis (Greece), Lyle (Great Britain), 
Marshall (Canada), Paufique (France), Thiel (Germany), Weve (Holland). 


By Invitation: Francois (Secretary, International Congress, Brussels), Copper (Editor, 
“* Index Ophthalmologicus ”’). 


Routine reports were made by the President and the Treasurer dealing with the general 
position and the affairs of the Council during the previous year. 


1. INTERNATIONAL DICTIONARY OF OPHTHALMOLOGICAL TERMS.—It was reported that the authors 
of the various languages (Alvaro, Arruga (Spanish), Amsler (French, German), Bietti (Italian, 
Latin), and Duke-Elder (English)) had completed their work and that the manuscript of the 
Dictionary was now in the hands of the printers. . 


2. INDEX OPHTHALMOLOGICUS.—Arrangements were made for the publication of the Index 
Ophthalmologicus (the world directory of ophthalmologists, ophthalmic hospitals, etc.) at the 
International Congress in Brussels in 1958. ; 


3. XVIII INTERNATIONAL CONGRESS IN BRUSSELS IN SEPTEMBER, 1958.—It was decided that the 
administrative languages would be English, French, and German. The ordinary subscription 
would be 1,500 Belgian francs, with an addition of approximately 10 per cent. for those attending 
who were not members of a society affiliated with the Federation, and a reduction of approximately 
30 per cent. for associates or scientific associates. It was reported that if the published Acta of 
the Congress were to retain its previous luxurious form, the subscription to the Congress would 
have to be increased; permission was therefore given to the Belgian Organizing Committee to re- 
duce their commitments in printing the Acta so that their expenses would be covered by the present 
subscription. It was agreed that the main subjects for discussion should be ‘“‘ The Orthoptic 
(non-operative) Treatment of Strabismus”, and ‘“‘ Gerontology. in Ophthalmology ”.. The 
following were to be invited as opening speakers: for the first: Lyle, Malbran, and Bangerter; for 
the second: Francois, Buerger, and Jayle. 


4, EUROPEAN OPHTHALMOLOGICAL SociETy.—The creation of a European Ophthalmological 
Society on lines similar to those of the Pan-American Ophthalmological Society was disc 
and it was decided that Francois (Belgium) and Riise (Norway) should explore the possibilities of 
creating such a Society and report to the Council at the next meeting. 


5. ORGANIZATION OF INTERNATIONAL CONGRESSES.—A considerable discussion took place on 
changes which might be introduced in the organization of future International Congresses, and a 
Sub-committee (consisting of Alvaro, Berens, Duke-Elder, and Thiel) was appointed to present.a 
report to the next meeting of the Council. 

6. Roap SaFETY.—The committee charged with studying optical problems associated with 
safety on the road presented an interim report, and an interim report was also received from Blum 
(Geneva) acquainting the Council with the work of the consultant group on medical requirements 
for the licensing of motor venicle drivers. 


7. STATUTES AND RuLES.—A discussion took place on the statutes of the International Federa- 
tion, the International Council, and the internal organization of International Congresses; the 
President and Secretary were asked to prepare a report before these statutes were finally confirmed 
at the International Congress in 1958. 

8. HisTORY OF INTERNATIONAL OPHTHALMOLOGICAL CONGRESSES.—In view of the fact that the 
Congress in Brussels nearly marks the centenary of the First International Congress, it was sug- 
gested that the President should prepare a short history of these meetings during the last hundred 
years, 


The next meeting of the Council will be held in London on April 10, 1957. 





OBITUARY 


ALAN SEYMOUR PHILPS 


Frienps and colleagues of Seymour Philps have watched with distress the deterioration of 
his health during the past two years. 

He himself knew of the incurable nature of his malady but with undaunted courage he 
carried on his work until recently. 

When I saw him a few weeks ago Seymour told me that being able to spend his days at 
home with his family free from the cares of professional duties he was happier than he 


had been for some years. 
Born on February 28, 1906, the son of Mr. Francis John Philps, former editor of the 


Financial Times, he died on April 26, 1956. 

From Aldenham School he entered St. Bartholomew’s Hospital in 1924, qualifying in 
1929. Following an appointment as house surgeon 10 Professor George Gask and Sir 
Thomas Dunhill, Philps obtained his F.R.C.S. in 1931. 

He was for a few years on the medica! staff of the London Transport Board, then his 
interest turned to ophthalmology, and various junior eye appointments followed: house 
surgeon to the Royal Westminster Ophthalmic Hospital in 1936, out-patient officer at 
Moorfields, and chief assistant in the Eye Department of St. Bartholomew’s [937. In 
1938, Philps was appointed assistant surgeon to the Royal Westminster Ophthalmic 
Hospital and full surgeon in 1944. He was also ophthalmic surgeon to the Victoria 
Hospital for Children and to the Miller General Hospital, Greenwich. . 

During the early years of the war he worked for the Emergency Medical Services in the 
St. Albans Sector. Joining the R.A.M.C. in 1942, he was appointed to the Colchester 
Military Hospital, and for a time was adviser in ophthalmology to the War Office. Later, 
Philps served abroad, taking part in the Normandy landing and the advance into Belgium. 
During the latter part of his service he was ophthalmic adviser at Millbank Hospital ana 
attained the rank of Lt.-Col. After demobilization in October, 1946, he returned 
to his hospital and consu\ant duties. 

In 1947 he was elected assistant ophthalmic surgeon to St. Bartholomew’s Hospital and 
in 1948 was appointed surgeon-in-charge of the Eye Department. With the inception of 
the National Health Service in 1948, he became consultant ophthalmic surgeon to the 
Mid-Herts group of hospitals and secretary of the Ophthalmic Advisory Committee of 
N.E. Metropolitan Regional Hospital Board. In 1951 he was appointed by the London 
University to be a teacher of ophthalmology at the Institute of Ophthalmology and at 
St. Bartholomew’s Hospital Medical School. 

Gifted with great manual dexterity, Seymour Philps was a brilliant surgeon. — In- 
terested an all branches of his specialty, he was a wise and most sympathetic clinician 
with a flair for teaching. Latterly he had a large private practice, but his hospital and the 
welfare of the patients he saw there always came first. 

Widely read, he had a large collection of ophthalmic literature which it ts hoped may 
form the nucleus of an ophthalmological library abroad. 1n addition to contributing to 
medical journals and the Encyclopaedia of Medical Practice, Philps was the author of 
Ophthalmic Operations (1950). This work was profusely illustrated with his own ex- 
quisite drawings and photographs. 

In 1953, shortly before the onset of his, illness, he was invited to visit Australia by the 
Ophthalmological Society of the Dominion, where he addressed numerous mectings. He 
returned by way of America and Canada. He also visited many eye clinics in Europe, thus 


widening his already extensive knowledge, 
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OBITUARY 


ALAN SEYMOUR PHILPS 


He was a beautiful draughtsman and painted in both water colours and oils. Equable 


in temperament ‘and witty, he was a delightful and interesting companion. Seymour 
Philps’s premature death at the height of his professional career is a very great loss to 


ophthalmology. 
Sympathy for his wife and family will be widespread. RS. 
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GEOFFREY HOWARD BARHAM BLACK 


GEOFFREY HOWARD BARHAM BLACK, who died in Adelaide on January 13, 1956, was born 
on September (4, (893, at Burnside, South Australia, He obtained his early education at 
Mrs. Hiibbe’s private school at Knightsbridge, and in 1905 entered Saint Peter’s College 
from which school he won a university bursary in 1911; he commenced his medical course 
at the University of Adelaide in 1912, graduated M.B., B.S. in 1916, and served in the 
A.A.M.C. in the first world war, He came to England in 1930 and worked at the Royal 
London Ophthalmic Hospital and at Saint Bartholomew’s Hospital; having obtained the 
D.O.M.S, in 1931, he returned to Adelaide in 1932, and gained the F.R.A.C.S. (Oph.) 
in 1934. He became honorary consultant in ophthalmology at the Royal Adelaide 
Hospital and the Adelaide Children’s Hospital. 

From 1942-45 he again served in the A.A.M.C., this time as a Lt.-Col. In 1943 he 
was joint author with C, S, Swan and others of a paper demonstrating that rubella in the 
first or second month of pregnancy always results in an abnormal infant, a contribution 
to the work on congenital defects inaugurated by Sir Norman McAlister Gregg in 194). 


ARNOLD HERMAN Knapp, 1869-1956 


By the death of Arnold Knapp at the age of 88, ophthalmology has lost one of its great 
figures, one that was known, respected and admired for over 50 years. His father—a 
pupil of von Graefe, Donders, Helmholtz, Bowman, and Critchett—emigrated from 
Europe to America in 1867 and more than any other may be said to have been the essential 
architect of American ophthalmology as we know it today. Born in New York in the 
year when his father began publication of the Archives of Ophthalmology, trained by his 
father in the hospital which he had founded—the New York Ophthalmic and Aural 
Institute—, and endowed with his father’s wisdom and enthusiasm as well as his intellectual 
integrity and honesty, Arnold Knapp carried on a family tradition which has represented 
the best in American ophthalmology for almost a century. He rebuilt the hospital as the 
Herman Knapp Memorial Eye Hospital and it is now merged with the Institute of Ophthal- 
mology of the Presbyterian Hospital, New York, and he also established the Knapp 
Memorial Foundation under the auspices of Columbia University for the advancement 
of teaching and research in ophthalmology. He took over the editorship of the Archives 
of Ophthalmology in 1911, and in the course of the next 38 years, made it one of the 
leading ophthalmic journals of the world. He was Professor of Ophthalmology at 
Columbia University for a quarter of a century (1903-28). His private practice was large 
and as a surgeon he was probably most noted for his early advocation of the intracapsular 
method of cataract extraction. A holder of the Howe Medal in America, he was Bowman 
lecturer in 1943, and was an honorary member of the Ophthalmological Societies of the 
United Kingdom, France, and Germany. 

His interests were not confined to ophthalmology. A classical scholar of no mean 
merit, a connoisseur of art, a wide traveller with an intimate knowledge of Europe, he had 
friends and interests all over the world and loved to maintain contact with his colleagues 


in many countries. Although he was best known to a generation that is now passing, his 
work will be remembered and his memory treasured for many years to come. 
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COMMUNICATIONS 


FACTORS AFFECTING THE HYDRATION OF THE 
CORNEA IN THE EXCISED EYE AND THE 
LIVING ANIMAL* 


BY 


MAURICE E. LANGHAM anp IRVIN S. TAYLORt 
From the Institute of Ophthalmology, University of London 


RECENTLY, the influence of metabolism on the water content of the excised 
cornea has been studied by several investigators. Schwartz, Danes, and 
Leinfelder (1954) immersed pieces of excised corneae in a nutrient med*um 
and modified the metabolism by cold, lack of substrates, and the use ef 
metabolic inhibitors. From their studies, they concluded that the mechanism 
regulating corneal hydration was dependent on energy derived from the 
aerobic and anaerobic metabolism of glucose. Davson (1954, 1955) studied 
the changes in weight and water content of corneae in excised eyes with a 
view to establishing whether in the living eye there is an active transport 
mechanism that normally prevents the uptake of aqueous humour, tears, and 
limbal capillary filtrate. It was observed that the corneae of eyes left for 
24 hrs in a cold moist chamber increased in water content and decreased 
again on warming to 31°C., and that anoxia caused a marked increase in 
hydration. He concluded that his experimental results were consistent with 
the existence of an active transport mechanism in the cornea. Similar con- 
clusions to those reached by these workers were reported by Langham 


. (1955a, b) from studies of the effect of aerobic and anaerobic metabolism 


on corneal thickness and of the movement of sodium and water into the 
cornea of the excised eye immediately after enucleation. 

Philpot (1955) injected solutions of acidic and basic dyes, atropine, and 
inhibitors of cholinesterase, glycolysis, and respiration into the anterior 
chamber of excised rabbit eyes and observed their action on corneal hydra- 
tion. Certain of the dyes and inhibitors led to an increased hydration but 
inhibitors of cholinesterase were without effect. The observation that 
iodoacetic acid increased corneal hydration when glycolysis was inhibited by 
over half led Philpot to conclude that glycolysis was necessary to the mainten- 
ance of corneal hydration. No attempt, however, was made in Philpot’s 
study to ascertain if the action of these compounds on corneal hydration was 
due to an inhibition of the metabolic processes regulating corneal hydration 
or to a non-specific action on the permeability of the cornea to water and 
salt. This consideration is especially important in view of the observations 
of Herrmann and Hickman (1948) that iodoacetic acid in low concentrations 
reduced the cohesion of the epithelium to the underlying stroma. 





*Received for publication May 29, 1956. 
+ Present address: Massachusetis Eye and Ear Infirmary, Boston, Mass., U.S.A. 
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Few studies have been made of the influence of metabolism on corneal 
hydration in the living animal. Smelser (1952) and Smelser and Ozanics 
(1952, 1953) deprived the corneae of human subjects and guinea-pigs of direct 
contact with atmospheric oxygen and observed a development of corneal 
haze. Further, they reported structural changes in the anterior layeis of the 
stroma and a marked decrease in the glycogen content of the epithelial cells 
in guinea-pigs wearing contact lenses. Smelser and Ozanics suggested that 
corneal metabolism is associated with a secretory mechanism regulating the 
hydration of the cornea and that the breakdown of glycogen acts as a source 
of energy when the oxygen supply is inadequate. 

The development of corneal haze in corneae denied contact with oxygen 
can be related to the observations of Langham (1951, 1952) that in similar 
conditions there is an increase in the concentration of lactic acid in the cornea, 
and to the findings of Heald and Langham (1953, 1956) that the transfer of 
oxygen from the aqueous humour and the limbal capillaries is not sufficient 
to uphold the respiration of the epithelium. 

The main object of the present investigation is to ascertain the influence of 
aerobic and anaerobic metabolism on corneal hydration in the living animal. 
First, the distribution of cations between the cornea, the aqueous humour, 
and the plasma of the living animal has been determined as a basis for under- 
standing the influence of metabolism on the movement of salt and water from 
the cornea. Secondly, the rate of corneal swelling and the movement of 
water and sodium into and out of the cornea of the excised eye in the presence 
and absence of metabolic inhibitors and oxygen have been studied to gain 
further knowledge of the type of metabolic activity influencing corneal 
hydration. Experiments on the living animal, using metabolic inhibitors 
and oxygen-lack, have been made to ascertain the importance of meta- 
bolism in maintaining corneal hydration under normal conditions. 





Methods 


Adult rabbits of both sexes weighing 1-8 to 2-8 kg. were chosen for the experi- 
mental work; where required pentobarbitone sodium solution was used for 
anaesthesia. 


Procedure.—Eyes were enucleated immediately after death of the animal. Muscle and 
connective tissue adhering to the wall of the eye were cut away and after the thickness 
of the cornea had been measured, the eye was placed in a large boiling tube containing 
40 ml. Krebs phosphate medium (pH 7:4). The eye rested on the bottom of the tube with 
the cornea facing upwards. The medium was gassed with nitrogen, oxygen, or air through 
a tube with a scintered glass filter, the gas being led off through a side arm on the boiling 
tube. 

Experiments using metabolic inhibitors on the cornea of the living rabbit were made 
under urethane anaesthesia. The lids of the control eye were closed with cellophane tape 
and the animal was placed with the experimental eye facing upwards with the lids re- 
tracted. An isotonic neutralized solution of the inhibitor was diluted with Krebs saline 
phosphate medium (pH 7:4) to give a predetermined concentration. The solution 
(temperature 32-37°C.) was then dripped on the exposed cornea. 
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Analysis.—Sodium and potassium were determined by the technique of flame photo- 
metry. Extracts of corneae, aqueous humour, or plasma were obtained by adding 0-5 ml. 
of a solution of concentrated nitric acid to the whole cornea or to 0:2 ml. of aqueous 
humour or plasma. Solutions were then diluted with water. Standard solutions of 
sodium or potassium were run in each set of determinations. Known amounts of sodium 
and potassium salts added to similar extracts were quantitatively recovered in subsequent 
analysis. 

The thickness of the cornea was measured by an apparatus similar to that described by 
Maurice and Giardini (1951). A standard Warburg apparatus was used to determine the 
rate of glycolysis and oxygen uptake of the excised cornea. Oxygen uptake was deter- 
mined using 2:5 ml. Krebs saline phosphate medium (pH 7-4) and air or oxygen as the 
gas phase. The Warburg method described by Dixon (1951) was used to measure the 
rate of acid production. A Krebs saline bicarbonate solution (Umbreit, Burriss, and 
Stauffer, 1949) to which was added glucose to a concentration of 100 mg./100 ml. was 
gassed with a mixture of 5 per cent. CO, and 95 per cent. N>. The flasks, each containing 
one cornea, were gassed at 37°C. for 30 min. and then left to equilibrate for a further 
30 min. before readings were begun. 


Results 


The mean thickness, wet weight, hydration, and concentrations of sodium and 
potassium in corneae of the adult rabbit are shown in Table I. The mean per- 


- centage hydration of 75-6-+-0-20 concurs with the mean values of 77-7 and 75-9 


reported by Duane (1949) and Davson (1955); the corneal thickness of 0-39+ 
0-004 mm. agrees with the mean value of 0-375 mm. reported by Maurice and 
Giardini (1951), but is rather higher than the value of 0-33--0-001 mm. reported 
by Maurice (1951). 

TABLE I 


COMPOSITION OF CORNEAE OF EYES TAKEN FROM TEN NORMAL ADULI 
RABBITS 


C,—C, and ratios C,/C, calculated from results on individual rabbits. Results expressed as 
arithmetic mean + standard error of mean. 








Corneae Cc, Cc, | Cc,-C, 

Thickness (mm.) _... 0-39+0-004 0-39+0-005 0-00+0-001 
Wet Weight (mg.) ... 87-6 +2-53 86-5 +2-49 —0:9 +0-90 
Hydration (per cent.) 75-6 +0-20 75-3 +0-16 —0-3 +0-21 
Na mEq./kg. H,O ... 164-3 +3-04 166-8 +3-82 2-5 +1:76 
K mEq./kg. H,O ... 24-7 +0-68 25:2 +0:50 0-5 +1-10 








The distribution of sodium and potassium between the cornea, the aqueous 
humour, and the plasma is recorded in Table II (overleaf). The high concentration of 
sodium and the low concentration of potassium in the cornea are just as expected 
in view of its large extracellular space. The concentration of sodium in the 
aqueous humour agrees with the values reported by Kinsey (1950), but the concen- 
tration of sodium in the cornea is significantly higher than that indicated by the 
studies of Maurice (1951) on the distribution of 24Na between the cornea and 
the aqueous humour. 

A further similar series of analyses was made of the distribution of total sodium 
and 24Na between the three tissues 20 hrs after the intravenous injection of a 0-9 
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TABLE II 


DISTRIBUTION OF SODIUM AND POTASSIUM BETWEEN CORNEA, AQUEOUS 
HUMOUR, AND PLASMA OF FIVE ADULT RABBITS 


Results expressed as mEq./kg. H,O. Ratios calculated from results on individual rabbits. 

















Cornea Aqueous Plasma C/Aq. Aq./PI. 
Humour 
Sodium .-» | 170-6+2-51 | 141-5+0-79 152-8+1-79 | 1-°22+0-02 | 0-93+0-006 
Potassium... 25-0+0-41 4-70-15 | 5-35+0-33 —_ 0-89+0-03 








per cent. (w/v) solution of sodium chloride containing *4Na. Table III shows 
that at 20 hrs the 24Na was within a few per cent. of dynamic equilibrium. The 
distribution ratio between the cornea and the aqueous humour for both 24Na and 
total sodium agreed with the results in Table II. 


TABLE III 


DISTRIBUTION OF *NA AND TOTAL SODIUM BETWEEN CORNEA, AQUEOUS 
HUMOUR, AND PLASMA 20 HRS AFTER INTRAVENOUS INJECTION OF 20 ML. 
1 PER CENT. SOLUTION OF RADIOACTIVE SODIUM CHLORIDE 


Ratio Aq./Pl. calculated from concentration/kg. H,0; ratio C/Aq. calculated from con- 

















centration/kg. tissue to simplify comparison with published data. 

Rabbit 24Na C/Aq. Total Na C/Aq. 24Na Aq./Pl. | Total Na Aq./PI. 
1 0-82; 0-90 0-91; 0-92 0:95; 0-92 0-93; 0-93 
2 0:91; 0-88 0-88; 0-91 0-97; 0-95 0: 97: 0-93 
3 0-81; 0-87 0-92; 0-90 0-89; 0-86 0-92; 0-94 
4 0-89; 0-88 0-88; 0-88 0-94; 0:94 0-97: 0-93 
s 0-88; 0-84 0-92; 0:90 0-97; 0:95 0:93; 0-94 

Mean 0-87+0-010 0-90-+0-005 0-93+0-012 0-94-+0-005 




















Swelling of the Cornea in the Excised Eye.—In all experiments the eye was placed 
in Krebs saline phosphate (pH 7-4). The concentration of sodium in this medium 
is approximately equal to that in the aqueous humour, but the concentration of the 
main anion, chloride, is nearly 20 per cent. below that in the aqueous humour. 

The extent of corneal swelling in the presence of oxygen at five temperatures is 
shown in Fig. 1 (opposite). Between 25 and 37-5°C. the cornea thickened and 
approached a new state of equilibrium within 2-3 hrs. In this temperature range 
the swelling was maximal at 25°C. at a mean thickness of 15 per cent. above its 
initial value. At 15°C. the cornea continued to increase in thickness over the 
whole experimental period. The mean rate of swelling of 4 per cent. hr! of the 
initial thickness was, however, less than the value of 5-5 per cent. hr“! recorded at a 
temperature of 10°C. At 40°C. there was a small increase in the corneal thickness 
of 1-3 per cent. The relation between the extent of corneal swelling and 
temperature is of especial interest in that the marked change in metabolism 
which presumably occurs over this range of temperatures (25-40°C.) was accom- 
panied by only.a srhall increase in corneal thickness. 
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Fic. 1.—Effect of temperature on swelling 
of cornea of excised eye immersed in Krebs 
phosphate medium gassed with oxygen. Each 
curve is derived from the results in four eyes. 


Curve A at 40°C. Curve B at 37:5°C. 
Curve C at 25°C. Curve D at 15°C. 
Curve E at 10°C. 


CORNEAL THICKNESS (mm 
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Fic. 2.—Effect of lack of oxygen on swell- 
ing of cornea of excised eye immersed in 
Krebs phosphate medium. Curves A 
and C record corneal thickness in the 
absence and presence of oxygen respec- 
tively. Curve B is derived from Curves 
A and C to show corneal swelling due 









to lack of oxygen. 


The effect of oxygen-lack on the cornea was made in similar experiments in which 
the medium was kept at 37-5°C. and gassed with nitrogen. In these experiments, 
to ensure that anaerobic conditions were obtained within a few minutes of placing 
the eye in the medium, a rapid stream of wet nitrogen was passed through the 
medium for 30 min. before the start of the experiment. The results are shown in 
Fig. 2, and it will be seen that the swelling curve comprises two distinctly different 
phases. To begin with little swelling took place and scarcely differed from that 
observed in the presence of oxygen. On the other hand, at the end of this first 
phase, the thickness of the central area of the cornea started to increase rapidly, 
and the rate of swelling approached 15 per cent. hr" of its initial thickness. This 
increase could not, however, have been due to a decreased rate of anaerobic 
glycolysis for the added glucose was sufficient to maintain glycolysis at its maximal 
rate for many hours (Langham, 1954). The finding that the corneal hydration 
can be maintained approximately constant for 2-3 hrs in the absence of oxygen 
is consistent with the view of Smelser and Ozanics (1953) that there is an energy 
reserve in the cornea which may be utilized to prevent corneal swelling. 

The changes in hydration, thickness, and wet weight of the cornea in the absence 
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there were mean increases in wet weight of 11-3 and 14-3 per cent. in the presence 
These increases exceed the changes in corneal 


Control eyes analysed at zero time. Second eye placed in saline phosphate medium for 24 hrs 


and presence of oxygen are recorded in Tables IV A-D. 


and absence of oxygen respectively. 





TABLE IVA 


EXCISED EYES 





MAURICE E. LANGHAM AND IRVIN S. TAYLOR 
In the first 24-hr period, 








EFFECT OF AEROBIC METABOLISM ON COMPOSITION OF CORNEA IN . 








at 37-5‘C. 
Time (hrs) 0 24 | Increases (0-24 hrs) 
Thickness (mm.) 0-38+0-01 0-41+0-01 0-03 + 0-004 
Hydration (per mg 76-2 +0-28 77-8 +0-31 1:62+0-28 
Wet Weight (mg.) . 75*7 +4:19 84-2 +5-45 8-50+1-39 
Na mEq./kg. H,O ... 175-1 +1-47 175:5 +1°74 0-40+2°06 


| 





EFFECT OF OXYGEN-LACK ON COMPOSITION OF CORNEA IN EXCISED EYES 


TABLE IVB 





Control eyes analysed at zero time. Experimental procedure as in Table IVA. 















Time (hrs) 0 24 | Increases (0-24 hrs) 

Thickness (mm.)_ . | 0-37+0-01 | 0-42+0-01 | 0-05-+0-010 

Hydration (per cent.) 766 +0°37 79-9 +0-55 3-3 +0-45 

Wet Weight (mg.) .. 76°3 +3°54 87:2 +3-57 { {0-9 +1-01 

Na mEg,/kg. H,O . 179-6 +2-96 173-1 £2-88 —6:5 42-4 
TABLE IVC 


COMPOSITION OF CORNEAE OF. EXCISED EYES IMMERSED IN SALINE 
PHOSPHATE MEDIUM (7H 7:4; TEMP. 37:5°C,) GASSED WITH O 


Eyes removed at 24 and 5 hrs respectively 


2 





2% | 5 





Time (hrs) Increases (24-5 hrs) 
Thickness (mm.) 0-41+0-01 0-39+0:01 —0-02+0:003 
Hydration (per eae 78-7 40-25 11-1 40-36 —1-0 40-20 
Wet Weight (mg.) . 84:0 42-85 33+) +2°86 —0°91 0-74 
Na mEq.jkg. HO ... 183-8 44-03 188-9 +3-98 5-1 +4-35 








TABLE IW D 







COMPOSITION OF CORNEAE OF EXCISED EYES [MMERSED IN SALINE 
PHOSPHATE MEDIUM (pH 7-4; TEMP. 37-S°C.) GASSED WITH N, 


Eyes removed at 24 and 5 Ars respectively 








Time (hrs) 24 5 Increases (24-5 hrs) 
Thickness (mm.) 0-47+0°01 0-56+0-02 0-09-+0-020 
Hydration (ger cent.) 79-5 +0-35 81:7 +0:31 2:2 +0-44 
Wet Weight (mg.) ... 116-6 43-30 129-0 {8-17 12-4 43-83 
Na mEq./kg. H,O ... 169-5 +2:°40 173-0 +3°07 3-5 +3°6 
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thickness measured in the central area which shows that the rate of swelling was 
not the same over the whole corneal surface. As the changes were not accompanied 
by a change in the concentration of sodium, there must have been a proportionate 
net movement of sodium into the cornea. The mean rate of swelling per hour 
was 4:5 and 5-7 per cent. of the initial weight in the presence and absence of 
oxygen respectively. 

In the second 2}-hr period, absence of oxygen had a marked action on the cornea, 
and the wet weight increased by 10-6 per cent. In the presence of oxygen no in- 
crease at all occurred. Again corneal swelling was not accompanied by any 
significant change in the concentration of sodium. In the same period, Table 
IV C shows there was a tendency for the cornea to recover from its swollen state in 
the presence of oxygen, a decrease in corneal hydration of 1 per cent. being recorded; 
this recovery phase has been repeatedly observed. 

The net movement of sodium into the corneae in these experiments has been 
calculated from the mean increase in corneal weight and the knowledge that the 
sodium concentration remained unchanged, even though accompanied by changes 
in corneal hydration. Expressed as mol. of sodium transferred into 100 mg. wet 


tissue per min. the following results were obtained: 





Time (hrs) 0-24 24-5 
N, | 1°71 X 10-6 mol. min.-! 1+21 x 10-8 mol. min! 
om 1-24 10-8 mol. min.-! 0 








The rate and extent of recovery of the cornea from a swollen state induced by 


leaving the excised eye in Krebs saline phosphate at 4°C. for 16 hrs are shown in 
Fig. 3. ; 
0-9 
o—o Exposure to oxygen 
o—e Exposure to nitrogen 
0-8 
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Fic. 3.—Reversal of cold-induced swelling by aerobic metabolism. Corneae having 
a mean initial thickness of 0-40 mm, were cooled for 16 brs in Krebs phosphate 


medium. The temperature was then raised to 37-5°C. itrogen 
bubbled through. sg of four corneac. sien eo 
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The corneal thickness increased to a mean value of 0-63 mm. from an initial 
mean value of 0-40 mm., and on warming to 37:5°C. in the presence of 
oxygen a rapid decrease in cornea) thickness occurred. The final mean corneal 
thickness was 0-50 mm. (i.e. 0-10 mm. above the initial thickness), and exceeded 
the mean increase of 0-03 mm. observed when the excised eye was placed directly 
in the medium at 37 -5°C. containing oxygen (see Fig. 1). Probably, this difference 
reflects an increased permeability due to the gross swelling caused by leaving the 
eye for 16 hrs at 4°C. In the absence of oxygen the corneal thickness remained 
constant for 2-3 hrs. After this a continuous swelling of the cornea was observed 
over the remainder of the experimental period of 8 hrs. 

The change in the composition of the cornea under these conditions is recorded 
in Tables V A-C. In the presence ‘of oxygen, there was a significant decrease in the 
corneal weight and hydration but no change in the concentration of sodium. In 
the absence of oxygen, the corneal metabolism was adequate to prevent an increase 
in hydration and wet weight for at least 24 hrs. After this time hydration and wet 
weight increased, but again there was no change in the concentration of sodium. 
There was no net transfer of sodium in the first 2+ hrs in the absence of oxygen, 
but in the same period there was a mean movement outwards of 1-32 x 10° mol 


min.-! of sodium per 100 mg. wet tissue in the presence of oxygen. 


TABLE VA 


COMPOSITION OF CORNEAE AFTER 16 HRS AT 4°C. (CORNEA 1) FOLLOWED 
BY 2} HRS AT 37°5°C, (MEDIUM GASSED WITH Oo.) 











Cornea ] 2 Increases (16-184 hrs) 





Thickness (mm.)_... 0-63+0-01 0-53-40-02 —0- 1040-004 
nora pa am 839 +0:21 82:0 +0-25 ae ee 
et Weight (mg.) ... -9 +6- 114-9 +6-65 —16: . 
Na mEq./kg. H,0 ... 162-4 +1°15 163-1 +1-94 —1-3 0-14 





TABLE VB 


COMPOSITION OF CORNEAE AFTER 16 HRS AT 4°C. (CORNEA 1) FOLLOWED 
BY 24 HRS AT 37-5°C. (MEDIUM GASSED WiTH N,) 











Cornea | 1 2 Increases (16-18} hrs) 
Thickness (mm.)_... 0:59+0-01 0-58-+0-01 { — _§-01-4.0-000 
Hydration (per cent.) | — 83-6 10-51 84:0 +0-25 0:4 +0-07 
Wet Weight (mg.) ... | 134-0 48-62 \ 134-9 +8-10 0-9 +1-60 
168-1 +2-25 8-6 +0-63 


Na mEq./kg. H,O ... 159-5 +3-04 





TABLE VC 


COMPOSITION OF CORNEAE AFTER 16 HRS AT 4°C. eo 1) FOLLOWED 
BY 8 HRS AT 37-5°C. (MEDIUM GASSED WITH N,) 





















































Cornea I | 2 Increases (16-24 hrs) 
Thickness (mm.) ... 0°65+ 0-02 0-82+ 0-02 0-17+0-04 
Hydration (per cent.) 84:2 +.0-24 86:6 + 0-56 2°4 +1°37 
Wet, Weight (mg.) ... 145-0 +11-2 170-8 410-7 25-8 45-2 
Na.-mEq./kg. H,O ... 163°2 + 0°82 169-1 + 1-82 5-9 +1°37 
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Effect of Metabolic Inhibitors on the Cornea in the Excised.eye and the Living 
Animal—The rate of oxygen uptake of excised rabbit cornea in Krebs phosphate 
medium containing 2 : 4 dinitrophenol (DNP)is recorded in Table VI. The results 
show that DNP stimulates the oxygen uptake of the cornea at a concentration of 
1104 M and depresses it at higher concentrations. The oxygen uptake re- 
corded on control cornea is significantly less than the mean value of 0:864+-0-035 
(27) recorded in an earlier study (Langham, 1952) in which no medium was used. 
The low values in the control series could, therefore, be due to the bathing fluid. 
To test this possibility, corneae from two rabbits were divided into two groups 
and the oxygen uptake measured in the absence and presence of the medium; the 
value of QO, for corneae immersed in the medium with air as a gas phase was 0-41 
and for those without a medium it was 0:78. The mean oxygen uptake of four 
corneae immersed in the medium with pure oxygen as the gas phase was 0-82-+0-05. 


TABLE VI 
OXYGEN UPTAKE OF EXCISED RABBIT CORNEAE IMMERSED IN 2:5 ML. KREBS 
PHOSPHATE MEDIUM (pH 7:4) CONTAINING 2:4 DINITROPHENOL 
Glucose added to medium to give initial concentration of 100 mg./100 ml. Gas phase air. 
Temperature at 37:5°C. 





Concentration | Experimental Cornea (DNP) Control Cornea 
1 x10-*M 0°634+0-07 (6) 0-409+0-03 (6) 
3x 10-4 M 0-328 +0-08 (6) 0-428 +0-03 (6) 
1x10° M 0-111-+£0-02 (6) 0-434-£0-07 (6) 





' 





In similar experiments, DNP was shown not to affect the rate of anaerobic 
glycolysis in the excised cornea immersed in a Krebs bicarbonate medium contain- 
ing glucose. In a series of six rabbits the mean rate of anaerobic glycolysis, 
expressed as p1. CO, evolved per mg. dry tissue hr-! was 2-51.0- 12 in the control 
corneae and 2:56-+-0: 15 in corneae exposed to DNP at a concentration of 1 x 10° M. 
The rate of corneal glycolysis in the controls agrees with that recorded in an 


earlier study (Langham 1954). 

The effect of DNP on the thickness and weight of corneae of excised eyes is 
recorded in Tables VII A and B (overleaf). At 1x 10+ M DNP no corneal 
swelling was observed, but at a concentration of.3x10* M swelling took place. 
With a concentration of 1x10? M DNP there was corneal damage and 
loosening of the epithelial layer. 

In an experimental period of 5 hrs the extent of swelling caused by DNP was 
found to be similar to that resulting from lack of oxygen; thus, in a series of four 
pairs of eyes, the mean weight of corneae in a medium gassed with oxygen and 
containing a concentration of 1 x 10° M 2 : 4 dinitrophenol was 106+ 10-34 mg. 
and of those immersed in the medium gassed with nitrogen and having no DNP it 
was 101:0+5:34 mg. A more detailed investigation of the change in corneal 
thickness in similar conditions indicates, however, that the swelling due to DNP 
differed from that caused by lack of oxygen; this is shown in Figs 4A and 4B 
(overleaf). : 

DNP resulted in a continued ~swelling over the whole experimental period, 
while in the absence of oxygen little corneal swelling occurred during the first 3 hrs. 

The effect of DNP on the cornea of the living animal was observed by allowing a 
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TABLE VIIA 


EFFECT OF 2:4 DINITROPHENOL ON CORNEAL THICKNESS OF EYES IM- 
MERSED IN KREBS PHOSPHATE MEDIUM GASSED WITH OXYGEN AT 37:-5°C. 


C, represents control cornea and C, cornea exposed to drug. Readings taken at centre of cornea 





Concentration (DNP) | Time (hrs) C, (mm.) C, (mm.) 
1x10-*M 0-43+0-011 0-43+0-012 

0-45+0-013 0-47+0-011 

0-45+0-016 0-47+0-015 


3x10-*M 0-46+0-012 0:46+0-012 
0-51+0-015 0-55+0-014 
51+0-015 0-60+0-017 


0: 

7x10-*M 0-41+0-011 0-41+0-011 
0: 
0: 














42+0-012 0-49+0-011 
42+0-011 0:64+0-011 


10x 10-* M | | 0-39+0-010 0-39+0-010 
0-44+0-012 0-50+0-012 
0-43+0-014 0°62+0-014 














TABLE VII B 


EFFECT OF 2:4 DINITROPHENOL ON CORNEAL WEIGHT OF EXCISED EYES 
IMMERSED IN KREBS PHOSPHATE MEDIUM GASSED WITH OXYGEN AT 37:5°C. 


C, represents control corneae and C, experimental corneae. Readings taken after 5 hrs. 





Concentration (DNP) 
1x 10-4 M 


C, (mg.) 
95-0+4-1 





| 
C, (mg.) | Difference (C,-C,) 
94-3446 | 0-66-+1-34 


7x10-*M 
10 x 10-4 M 


97:0+6°9 
101-0+4:4 


136-0+10°3 
137-0+ 5-1 


| | 
3x10-*M 119-0+2-7 | 138-4+ 3-7 
| | 





solution of warm oxygenated Krebs phosphate medium containing the drug to 
drip continuously over the cornea at a rate of approximately 1 ml. every 10 min. 
Without DNP the mean weight of four corneae removed from four rabbits was 
97-5+2-9 mg., and of four corneae from the same animals 2} hrs after dripping 
Krebs phosphate medium onto the eye it was 97-7+2:0 mg. No swelling took 

_place with DNP; at a concentration of 1x 10? M DNP solution, the mean wet 
weight of the control corneae of six rabbits was 101-6-+-7-9 mg. and that of the 
experimental corneae removed after 2:5 hrs was 103-0+-9-2 mg. 

The ability of iodoacetic acid to inhibit corneal glycolysis has been reported by 
Herrmann and Hickman (1948) and Philpot (1955). In Warburg studies, the rate 
of anaerobic glycolysis in six control corneae, expressed as 41. CO, evolved per mg. 
dry tissue hr', was. 2-14+0-09, and 0-18+0-17 in six corneae exposed to 
a concentration of 1 x 10° M iodoacetic acid. At a concentration of 1 x 10* M 
iodoacetic acid, the rate of anaerobic glycolysis was 0-52+-0-14. These values 
are in general agreement with those of Philpot (1955), who reported a 69-77 per 
cent. inhibition of corneal glycolysis at concentrations of 1 to 3-3x 10* M anda 
50 per cent. inhibition at a concentration of 5x 10° M. 

In the presence of oxygen, a concentration of 5 x 10 M iodoacetic acid caused 
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no swelling of the cornea, while a concentration of 5x 10 M caused a loosening 
of the epithelial layer and marked opacification of the superficial area of the cornea. 
At a concentration of 1 X i0° M iodoacetic acid, loosening of the epithelium and 
clouding of the cornea occurred in some experiments but there was no appreciable 
corneal swelling. At this concentration, the mean weight of control corneae 
5 hrs after immersion in the medium was 107-4+-9-6 (5) mg. and the experimental 
corneae 111-0-+9-7 (5) mg; the mean increase in wet weight of corneae taken from 
pairs of eyes was 3-6+2-0 mg. Correspondingly, the corneal thickness of the 
control eyes at this time was 0-48 -+0-011 mm. and the experimental corneae 
0-50+0-013 mm. 

In similar experiments made in the absence of oxygen, iodoacetic acid at a con- 
centration of 5x 10> M caused the epithelial layer to stain with fluorescein in all 
eyes. In spite of the loosening of the epithelial layer there was no significant 
increase in the weight of the corneae of two eyes exposed to 1 x 10°? M iodoacetic 
acid. There was however an increased thickness of the central area of the corneae 
of the experimental eyes at 5 hrs. At 510+ M iodoacetic acid, the control and 
experimental eyes reacted in a similar manner. The mean weight of the control 
corneae at 5 hrs was 125-5+3-2 (4) mg. and that of the experimental corneae 
131-0+3-7 (4) mg. The corneal thickness of the control eyes at 5 hrs was 0-58-+- 
0-02 mm. and that of the experimental eyes 0-59+-0-02 mm. 

The simultaneous depression of glycolysis and respiration was studied in the 
cornea of the living animal, using Krebs phosphate medium containing a con- 
centration of 1 x 10° M iodoacetic acid and a concentration of 1 x 103 M DNP. 
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The solution containing the mixture was dripped on the eye for 3 hrs, but no 
significant change in thickness of the cornea was observed. In two rabbits the 
mean weight of the control corneae was 94 mg. and at the end of the experimentai 
period the experimental corneae weighed 3 and 12 mg. more than the control 
corneae. As no change in corneal thickness occurred no further experiments 
were made. 

Two further compounds were also investigated. The first, mercuric chloride, 
has been shown to block active transport in skin at a concentration of 5x 10* M 
(Linderholm, 1952) and in kidney slices at 3x 10 M (Mudge, 1951); the second 
compound, 2-acetylamino—1 : 3 : 4-thiadiazole-5-sulphonamide (Diamox, Lederle 
Laboratories), an inhibitor of the enzyme carbonic anhydrase, has been reported to 
inhibit active transport of ions in kidney and brain (Davies and Galston, 1952). 

When the cornea of the excised eye was exposed to a concentration of 1 x 10°? M 
mercuric chloride, the cornea turned opaque within 30 min. and this was accom- 
panied by a loosening of the epithelium; a similar loosening of the epithelial layer 
was observed at a concentration of 1x 10* M, while at 1x 10° M no effect on 
corneal thickness or weight was observed. At this concentration the mean weights 
of the control and experimental corneae were 87 -8+-3-4 (4) and 91-3+-4-6 (4) mg. 
after an experimental period of 5 hrs. In view of the marked toxic action of 
HgCl, at 1x 10* M and the lack of action at 1x 10° M, no further studies were 
made. : 

Diamox at concentrations up to 1 x 10° M had no action on the cornea of the 
excised eye; this concentration well exceeds that which was found by Maren, 
Mayer and Wadsworth (1954), strongly to inhibit the carbonic anhydrase activity 
of most tissues. ; 

In the course of previous studies of the utilization of oxygen by the cornea 
(Langham, 1952) it was shown that if corneae were not exposed to the atmosphere 
for a period of 3-4 hrs there was a marked increase in the concentration of lactic 
acid in the cornea. At the same time the weights of these corneae were measured, 
and in some experiments the corneal thickness was also recorded. In no case was 
a change in corneal weight or thickness observed and the results were not published. 
However, in view of their interest to this investigation, the following results have 
been collected: in a series of eight experiments in which there was an increased 
concentration of lactic acid in the corneae denied atmospheric oxygen, the mean 
weights of the control and experimental corneae were 87-4+-2-5 mg. and 89-2+ 
4-2 mg. respectively. : 

It was considered that the lack of success in inducing a swelling of the cornea of 
the living rabbit in the above experiments might be due to the short experimental 
period. A series of experiments was, therefore, made on rabbits wearing contact 
lenses for-longer periods. In three animals no increase in corneal thickness was 
observed in periods of 4 hrs, but in animals wearing lenses for 14 hrs an increase of 
approximately 25 per cent. in the thickness and weight of the cornea was observed 
(Table VIII, opposite). To ascertain how much of this increase was due to an 
interference with aerobic metabolism, the rate of recovery after removal of the lens 
was investigated. The results, recorded in Table VIII, show that the curve of recov- 
ery comprised two distinct phases. In the first 2 hrs there was a marked decrease in 
thickness and weight, the recovery being approximately 70 per cent. After this 
2-hr period there was hardly any further change in the cornea during the following 
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TABLE VIII 


EFFECT OF WEARING A CONTACT LENS IN RABBITS. _ CONTACT LENS LEFT IN 


C, represents control eye and C, experimental eye 


FOR 14 HRS AND CORNEAE A an > 2, 4, AND 6 HRS AFTER REMOVAL 





Measurement 


Cc, 


Cc, 


Difference (C,-C,) 





Thickness (mm.) 
Weight (mg.) 


0-42+0-01 (7) 
90-4 +3-4 (7) 


0-58+0-01 (7) 
113-5 +1°4 (7) 


0-16+0-029 
23-1 +2-2 





Thickness (mm.) 
Weight (mg.) 


0-42+0-01 (6) 
93-8 +6°2 (6) 


0-48+0-01 (6) 
106-2 +7:9 (6) 


0-0 +0-020 
12-4 +2-5 





Thickness (mm.) 
Weight (mg.) 


0-42+0-01 (6) 
91-3 +7°4 (6) 


0-47+0-01 (6) 
105-0 +7°1 (6) 


0-05 +0-007 
13-6 +2-0 





Thickness (mm.) 
Weight (mg.) 


0-39+0-01 (8) 
81-1 +2-0 (8) 





0-44+0-01 (8) 
93-9 +2°4 (8) 





0-05+0-010 
12-8 +1-2 











4 hrs, but after 24 hrs the thickness had returned to its initial value. The phase of 
rapid recovery is similar to that observed in the presence of oxygen after a cold- 
induced swelling. é 

A study of similar changes in the corneae of a human subject who had been wearin 
contact lenses for 3 years showed that the thickness of the central area of both 
corneae increased from an initial value of 0-51 mm. to 0-56-+-0-01 mm. after wearing 
lenses for 5 hrs. This period was the subject’s normal toleration time and after 
removal of the lens the cornea decreased to its initial value within 90 to 120 min. 
The susceptibility of the corneae of this human subject and those of guinea-pigs 
(Smelser and Ozanics, 1953) contrasts with the greater resilience of the cornea of 
the rabbit observed in the present experiments. 

In a final series of experiments, an attempt was made to lower the metabolism 
of the cornea of the living animal by dripping ice-cold Krebs phosphate medium 
on the cornea. The temperature of the epithelial surface dropped to 25°C. and 
after 24 hrs the temperature of the endothelial surface was approximateiy 30°C. 
In these conditions no increase in corneal thickness or wet weight was observed. 


Discussion 

The results of this investigation show that the aerobic but not the anaerobic 
metabolism of the epithelial and endothelial layers of the cornea, both in the 
living animal and in the excised eye, are essential to the regulation of hydra- 
tion. However, the mechanism by which aerobic metabolism actively effects 
a removal of salt and water from the cornea remains unsolved. In this re- 
spect, the application of well-known inhibitors of active transport systems to 
this problem has been unrewarding. 2:4 dinitrophenol and mercuric 
chloride, which inhibit the active transport of sodium ions across the epithelial 
layer of the skin without depressing its oxygen uptake, have influenced the 
cornea only at concentrations which depressed respiration or caused toxic 
reactions. 

The extent to which metabolism may be reduced without causing a com- 
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plete. breakdown of the mechanism regulating corneal hydration is shown in 
the measurements of corneal swelling at different temperatures. In many 
biological tissues, the metabolic rate decreases by approximately one-half to 
two-thirds for a decrease in temperature of 10°C., and if this is assumed to 
be true for the cornea the metabolic rate at 15° and 25°C. would be approxi- 
mately 10-25 and 35-50 per cent. of that at 37°C. At 25°C. the metabolism 
was adequate to prevent a continuous corneal swelling, while at 15°C. 
a steady state of corneal thickness was not maintained and the cornea slowly 
swelled to its maximal value of three to five times its normal thickness. On 
this basis, it might be concluded that the regulating mechanism breaks down 
if the metabolic rate decreases by approximately 80 per cent. However, this 
ignores a rather unexpected result in these experiments that the corneal 
thickness in conditions of steady state varied inversely with temperature. 
At 40°, 37-5°, and 25°C. the corneal thickness in conditions of steady state 
was 2, 6, and 15 per cent. above the initial thickness. Thus, at 25°C., the 
metabolism was adequate to maintain the corneal thickness at 15 per 
cent., but not at 2 and 6 per cent., above the initial thickness. To explain 
this, it is necessary to assume that a decrease in the swelling pressure of the 
cornea accompanies a small increase in corneal thickness. 

The action of DNP on the aerobic metabolic processes influencing corneal 
hydration differs in certain respects from its action in other tissues. An 
inhibition of the active transport of ions by DNP has been observed in gastric 
mucosa (Davies, 1951), kidney slices (Mudge, 1951), frog skin (Fuhrman, 
1952), chicken erythrocytes (Maizels, 1954), plant cells (Robertson, Wilkins, 
and Weeks, 1951; Scott and Hayward, 1954), and nerve fibres (Hodgkin and 


Keynes, 1955). The mechanism of action is still unknown, but it is generally 
accepted that DNP has two principal effects on metabolism: 


(i) It interferes with the transfer of energy-rich phosphate compounds 
from respiratory reactions to other processes ; 
(ii) It stimulates the respiratory rate. 


In the present studies, DNP was observed to stimulate corneal respiration 
and also to decrease it at higher concentrations; a similar effect on smooth 
muscle has been observed by Born and Biilbring (1955). 

It is evident from the studies of Mudge (1951) and other workers that the 
inhibition of the active transport of ions by DNP is not dependent on its 
effect on respiration, for it inhibits the active transport of ions in 
frog skin and kidneyslices at concentrations which increase the oxygen uptake. 
This was not found to hold good for the cornea, where the swelling rate ap- 
peared to be dependent on the inhibition of the oxygen uptake. At the same 
time, concentrations of DNP which increased the oxygen uptake of the 
cornea caused no swelling. If, therefore, DNP inhibits an active transport 
mechanism in the cornea, it is evident that the secretory and respi- 
ratory aspects of this mechanism cannot be dissociated by this compound. 
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On the other hand, DNP may not inhibit the active transport mechanism at 
all, but may cause swelling by decreasing the respiratory activity. This pos- 
sibility is increased by the finding that mercuric chloride at concentrations 
which also inhibit the active transport of ions in skin and kidney slices with 
a concurrent increase in the respiration of the tissues does not cause corneal 
swelling. 

An explanation of the differences between the response of tissues to DNP . 
may eventually be found in varying patterns of metabolism. The recent 
studies of Kinoshito and Masurat (1954) have shown that two pathways exist 
for the oxidation of glucose in extracts of corneal epithelium, and that the 
direct oxidative cycle is likely to account for the major portion of the oxygen 
uptake. This would seem to single out the cornea as a tissue differing from 
many whose main respiratory activity is dependent on the well-known 
glycolytic citric acid cycle of metabolism. In the present studies a depression 
of oxygen uptake of approximately 20 per cent. by DNP caused a swelling of 
the cornea, and yet iodoacetic acid and sodium fluoride (unpublished experi- 
ments) failed to induce a swelling of the cornea in the presence of oxygen 
even when glycolysis was inhibited by 80 per cent. It is therefore quite pos- 
sible that the influence of aerobic metabolism on corneal hydration is de- 
termined principally by the activity of the direct oxidative cycle. 

In attempting to explain the inability of either DNP or oxygen-lack to in- 
fluence corneal hydration in the living animal over an experimental period up 
to 5 hrs, it is reasonable to assume that corneal metabolism and particularly 
the metabolism of the epithelium was affected by the experimental techniques. 
DNP was given in concentrations well exceeding those that gave a maximal 
increase in hydration in the excised eye, and in the conditions of the experi- 
ment led to cataractous changes in the lens; similarly, lack of oxygen to the 
epithelium resulted in changes in the concentration of lactic acid in the 
cornea (Langham, 1952). There are, however, several factors which 
could contribute to account for this difference: 

(i) The intra-ocular pressure acting on the cornea may oppose the swelling 
pressure in the stroma and thus decrease the tendency of the cornea to swell. 

(ii) The permeability of the cornea to water and electrolytes is minimal in 
the living animal, and consequently the work required to move water and 
electrolytes out of the cornea would be less than in the excised eye. 

(iii) It is probable that the secretory mechanism regulating corneal hydra- 
tion acts across the endothelial as well as the epithelial layer and the inter- 
change of water and electrolytes between the endothelium and the aqueous 
humour would be facilitated by the circulation of the aqueous humour. 

From our experiments on both the excised eye and the living animal, it 
appears unlikely that anaerobic metabolism contributes to the movement of 
water and salt from the cornea, for the rate of corneal swelling in the absence 
of oxygen was unchanged in the presence of a concentration of iodoacetic 
acid which inhibited glycolysis by over 75 per cent. The contrary view, 
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based on similar experiments using higher concentrations of iodoacetic acid 
(Schwartz, Danes, and Leinfelder 1954; Philpot, 1955), may be explained as 
being due to an increase in the permeability of the cornea. Iodoacetic acid 
has been shown by Herrmann and Hickman (1948) to loosen the adhesion of 
the epithelial layer to the underlying stroma, and the present results have 
shown that this occurs at the concentrations used by these workers. 

Studies of the movement of water and salt into and out of the cornea 
serve to emphasize the cardinal role played by aerobic metabolism in regulat- 
ing corneal hydration. The swelling and deturgescence of the cornea of the 
excised eye have been accompanied by a movement of sodium and water. In 
the absence of oxygen the movement of salt into the cornea is depressed for a 
limited time, which could mean either that some oxygen remained or that, as 
Smelser and Ozanics (1953) suggest, an energy reserve exists which may 
prevent corneal swelling for a limited period. The first explanation is con- 
sidered improbable, as the medium was deoxygenated before the start of the 
experiment and the oxygen in the eye itself would only maintain corneal 
respiration for a very short time. Attempts to identify an energy reserve 
with the presence of glycogen in the epithelial cells of the rabbit, in a manner 
similar to that described by Smelser and Ozanics (1953) in guinea-pigs, were 
not successful, possibly because of the very low concentration of glycogen- 
stainable material found in the normal rabbit cornea. 

Since the removal of salt and water from the cornea is dependent on aerobic 
metabolism, and since respiration is limited, almost, if not completely, to the 
epithelial and endothelial layers (Langham, 1952, 1954), it is most likely that 
the bulk movement of water and salt from the stroma is determined by a 
secretory process acting across one or both of these layers. An alternative 
hypothesis, that the water content of the stromal colloid is determined by its 
own metabolism, is contraindicated by all experimental evidence. This 
conclusion is supported especially by two observations: 

(i) the isolated corneal stroma increases in weight at a similar rate in 
anaerobic and aerobic conditions; 

(ii) if the epithelial layer is removed from the cornea of the living animal, 
the central area, which is the last to regain its epithelium, maintains its 
degree of swelling even though over 90 per cent. of the corneal area has fully 
recovered its normal thickness. 

On this basis, certain characteristics of the postulated secretory mechanism 
as it acts in the epithelial layer may be visualized. In the epithelium of the 
rabbit, the basal layer forms a complete palisade bordering the stroma, and 
the next outer layer shows early signs of cornification and stratification. It is 
therefore probable that the secretory mechanism. is maintained by the aerobic 
metabolic processes and the energy reserve within the first layer of cells. The 
action of this secretion is to transfer salt and water from the stroma) fluid. 
First, there may be a direct active transport of water across the cell layers, 
which causes the salts in the stromal fluid to be hypertonic to the outside 
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medium and leads to a tendency to lose salts by outward diffusion. In this 
case the active transport of water across the cell layer could be independent of, 
or dependent on, the active transport mechanism maintaining the high 
concentration of potassium and the low concentration of sodium in the cell. 
The results in this paper are consistent with this scheme. Secondly, it is 
conceivable that there is a direct active transport of sodium or an anion from 
the stromal fluid. In this case it is difficult to visualize how the maintenance 
of a high potassium and low sodium concentration within the epithelial cells 
could be consistent with a transcellular net movement of sodium; on the 
other hand, a peri-cellular active transport of sodium is a possibility. At- 
tempts to identify an active transport of anions from the stroma to the 
epithelium have been unsuccessful (Friedenwald, 1948), and the finding that 
Diamox, a powerful carbonic anhydrase inhibitor, does not increase the 
hydration of the cornea suggests that the transfer of bicarbonate is not 
involved in the secretion. Thus, although the active transport of sodium or 
an anion from the stromal fluid cannot be discounted, there is indirect ex- 
perimental support for a scheme involving an active transport of water across 
the epithelial cells in an outward direction. 


The concurrent analyses of the concentrations of sodium and the specific 
activities of radioactive sodium (24Na) in the cornea, the aqueous humour, 
and the plasma indicate that the transfer of sodium into the cornea and the 
aqueous humour from the plasma very nearly attains a state of dynamic 
equilibration within 20 hrs. At this time, the steady-state concentration 
ratio between the aqueous humour and the plasma or the cornea for 24Na is 
within 1-2 per cent. of that found for the total sodium. The value observed 
for the steady-state concentration ratio between the aqueous humour and the 
plasma, namely 0-93 to 0-94, agrees with the mean value reported by Kinsey 
and Barany (1949) using 24Na, but is significantly less than the value of 0-98 
reported by Kinsey (1950) from analyses of the total sodium in pooled samples 
of aqueous humour and plasma. It is widely accepted that the concentration 
of sodium in the aqueous humour is 1-2 per cent. in excess of that required by 
a thermodynamic equilibration between the plasma and its ultrafiltrate, and 
it therefore follows that the theoreticai distribution ratio Na,,/Na,, in 
the absence of metabolic activity would be 0-91 to 0-93. Such a value 
would be in close agreement with the findings of Ingraham, Lombard, and 
Visscher (1933) on the distribution of ions between the plasma and its ultra- 
filtrate. These workers observed that the mean ratio of the concentrations 
of sodium in the plasma water and its ultrafiltrate was 0-928 at pH 7-0 and 
0-913 at pH 7:70. They pointed out that the discrepancy of this ratio from 
unity could not be completely accounted for by the base-binding capacity of 
the plasma proteins, and suggested, from a comparison of the effect of pH 
on the distribution ratios of several cations, that the low ratio was partly 
caused by a depression of the activity coefficients of all cations by the plasma 
proteins. 
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The high concentration of sodium in the cornea of the rabbit compared 
with that in the plasma and the aqueous humour agrees with the findings of 
Davson (1949) in cattle eyes. Presumably, this is mainly due to the base- 
binding capacity of the mucopolysaccharide protein complex comprising the 
extracellular volume of the cornea. An approximate measure of the extra- 
cellular and intracellular volumes of the cornea may be ascertained if it is 
assumed that the concentration of potassium within the cells is equal to that 
of sodium in the plasma water, and that the concentration of potassium in 
the extracellular water equals that in the plasma water. With these provisos 
the present results indicate that the intracellular volume occupies approx- 
imately 14 per cent. of the total volume; this is in agreement with the value 
for cattle corneae calculated by Davson (1949). The corneal cells are found 
predominantly in the epithelia) and endothelial layers which comprise 10-11 

per cent. of the cornea (Maurice, 1951; Langham, 1952). 





Summary 


(1) The concentrations of sodium in the cornea, aqueous humour, and 
plasma of the living rabbit eye have been determined, The distribution of 
sodium between the three tissues has been compared with concurrent analyses 
of the activity of radioactive sodium (24Na) 20 hrs after an intravenous in- 
jection of a solution of a radioactive salt. At this time the distribution ratios 
for 24Na were within a few per cent. of that found for total sodium. The 
results are discussed in relation to previous studies with 2*Na. 


(2) The effect of temperature on the rate and extent of corneal swelling in 
the presence of oxygen has been determined. In the range of temperatures 
from 25 to 37:5°C. the corneal thickness increased to a new state of dynamic 
equilibrium. At the same time, the extent of corneal swelling varied in- 
versely with the decrease in temperature. At 15°C. the decreased metabolism 
was inadequate to prevent a continued swelling of the cornea. It is suggested 
that the increase in corneal thickness is accompanied by a marked decrease 
in the swelling pressure of the cornea. 


(3) The rate of increase in corneal thickness and the net movement of 
sodium into and out of the cornea of the excised eye immersed in Krebs 
phosphate saline medium at 37-5°C. in the presence or absence of oxygen 
have been determined. The extent of corneal swelling in the first 24 hrs 
after enucleation was only slightly increased by the absence of oxygen. After 
this period a significant and sustained swelling of the cornea took place in the 
absence of oxygen; in the same period no corneal swelling occurred in the 
presence of oxygen. These results confirm the view that the maintenance of 
hydration is dependent on corneal respiration, and are consistent with the 
view that in the absence of oxygen there is sufficient energy reserve in the 
cornea of the excised eye to prevent swelling for 2-3 hrs. 
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(4) Observations have been made of the rate and extent of recovery of the 
cornea from a swollen state induced by cooling. In the absence of oxygen no 
recovely was observed. In aerobic conditions recovery was nearly complete 
within 2-5 hrs, and was accompanied by,movement of sodium out of the 
cornea at a rate of 1:24x 10° mol. min.” per 100 mg. wet tissue. 


(5) The effect of 2 : 4 dinitrophenol on the metabolism and hydration of 
the cornea of the excised eye has been studied. At low concentrations it 
stimulated and at higher concentrations it depressed the respiration. No 
effect on anaerobic glycolysis was observed at concentrations up to I x 10°? M. 
In the presence of oxygen this compound caused a swelling of the cornea of 
the excised eye, an effect which appeared mainly dependent on its effect on 
corneal respiration. 


(6) Similar studies were made with three other compounds which interfere 
with the active transport mechanisms of other tissues, namely, iodoacetic 
acid, mercuric chloride, and 2-acetylamino-1 ; 3 ; 4-thiadiazole-5 sulphona- 
mide*, which is an inhibitor of carbonic anhydrase. Both iodoacetic acid 
and mercuric chloride were found to loosen the adhesion of the epithelial 
layer to the underlying stroma at very low concentrations and to result in a 
gross increase in corneal permeability; at more dilute concentrations no 
effect on corneal hydration was observed. Diamox had no effect on corneal 
hydration. 


(7) In the living animal, iodoacetic acid, with or without 2 : 4 dinitrophenol 
in concentrations sufficient to result in a marked depression of glycolysis and 
respiration, had no effect on the thickness and weight of the cornea during 
periods of 2} to 5 hrs. 


(8) In the rabbit the wearing of a contact lens induced corneal swelling 
which was rapidly reversed on removing the lens. In a human subject 
wearing a contact lens, swelling was induced more readily than in rabbits, and 
again recovery took place rapidly on removal of the lens. The rate of 
recovery is consistent with a removal of water and salt from the cornea by an 
active process dependent on the aerobic metabolism in the epithelial layer. 
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VASCULARIZATION OF THE OPTIC PATHWAY* 
IV. OPTIC TRACT AND EXTERNAL GENICULATE BODY 
BY 
J. FRANCOIS, A. NEETENS, anp J. M. COLLETTE 


From the Ophthalmological Clinic, University of Ghent, Belgium (Director: Prof. J. Francois) 
and the Institute of Radiology, University of Liége (Director: Prof. G. Leroux) 


THE literature contains a diversity of opinions on the subject of the vas- 
cularization of the optic tract and the external geniculate body. This fact is 
explained partly by the numerous anomalies and the variable anatomy of the 
arterial circle of Willis and the vessels dependent on it; the arteries to the 
optic tract and to the geniculate body arise at random and without any 
discernible systematization from the posterior communicating artery, the 
anterior choroidal artery, and the posterior cerebral artery. 

There exists no artery reserved specifically for the supply of the optic tract 
and the geniculate body as is the case with the retina and partially even with 
the optic nerve. The optic tract and the geniculate body are supplied by 
such arteries as happen to be in their immediate vicinity. 


Technique of Examination 


Examinations were made of 47 cerebral hemispheres from subjects aged 45 to 
65 years, by three different techniques: 

(1) Macroscopic examination by dissection of the vascular network with or 
without injection of Neoprene latex 572 and after fixation in a 10 per cent. 
formaldehyde solution. 

(2) Stereoscopic examination of sections after injection of Indian ink (diluted to 
two-thirds) and fixation in a 10 pér cent. formaldehyde solution. The sections, 
made with a razor-blade, varied in thickness from 0-1 to 0:5 mm., and were 
rendered transparent by alcohol dehydration and treatment with toluol. 

(3) Microradiographic examination after injection of Thorotrast, by a technique 
previously described (Francois, Neetens, and Collette, 1955). 


Results 
I. INJECTION OF INDIAN INK INTO VARIOUS ARTERIES 


The following diagrams (Fig. 1 a-f) show the degree of filling of the 
vascular system of the optic tract and external geniculate body according to 
the artery into which Indian ink was injected; for each injection the internal 
carotid artery was ligatured at the level of its site of section. 
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Fic. 1.—Diagrams showing how injections into various arteries affect the optic tract 
(O.T.) and lateral geniculate body (L.G.B.) 


Key to arteries: 

1. Internal carotid 

2. Anterior cerebral Posterior cereb: 

3. Anterior communicating Basilar 

4. Middle cerebral (a) . Superior cerebellar (f) 

5. Anterior choroidal (c) (d) 10. Posterior choroidal (e) 

11: Thalamo-geniculate (g) 

Note: Internal carotid artery always ligatured at level of its site of section. Heavy 
black lines indicate positions of ligatures. 


(a) Injection into the middle cerebral artery (4) hardly filled the optic tract and 
did not fill the geniculate body at all. 

(b) Injection into the posterior communicating artery (6) was followed by 
moderate filling of the optic tract, but none of the geniculate body. 

(c) Injection into the anterior choroidal artery (5) was followed by moderate 
filling of the optic tract and very slight filling of the geniculate body. 

(d) Simultaneous injections into the posterior communicating artery (6) and the 
anterior choroidal artery (5) caused complete filling of the vascular system 
of the optic tract, but only slight filling of that of the geniculate body. 

(e) Combined injection into the posterior cerebral artery (7) and the posterior 
choroidal arteries (10) caused no filling of the vascular system of the 
optic tract, but completely filled that of the geniculate body. 

(f) and (g) Injections into the superior cerebellar artery (9) and the thalamo- 
geniculate artery (11) caused slight filling of the geniculate body in 
exceptional cases, but no filling of the optic tract. 


II. EXAMINATION OF ARTERIES SUPPLYING OPTIC TRACT AND EXTERNAL 
GENICULATE BODY 

The optic tract and external geniculate body are treated separately in 

this study, but this is not because the vascular systems of these two organs 

are absolutely and strictly separate, for certain arteries may well extend from 

one organ to the other. Although a certain type of vascularization may be 

regularly encountered, there are many individual variations in detail. 


Posterior communicating (4) (d) 
ral (e) 


SO 90D 
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(1) Optic Tract.—Two arteries are involved in the supply of the optic tract: 
the anterior choroidal artery and the posterior communicating artery both 
of which are in its vicinity. 

A characteristic feature is the fact that one of these arteries nearly always 
prevails over the other; in this respect the site of origin of the anterior 
choroidal artery is important. This artery does not always arise at the level 
of the internal carotid; in nearly 50 per cent. of cases (in 21 of 47 hemi- 
spheres), it arises from the middle cerebral artery, from which it detaches 
itself more or less laterally. If the site of origin is extremely lateral, this 
artery produces few collaterals, nearly all extending to the posterior part of 
the optic tract, and in this case the posterior communicating artery pre- 
dominates. If the site of origin is nearer the sagittal plane, it produces many 
collaterals extending to both the anterior and posterior parts of the optic 
tract, and becomes the predominant artery. 

It may therefore be stated (without generalization) that, macroscopically, 
the anterior half of the tract is entered mainly (in 55-4 per cent. of cases) 
by branches of both the posterior communicating artery and the anterior 
choroidal artery, while the posterior half of the tract is entered mainly by 
branches of the anterior choroidal artery. 

Often, although not as a standing rule, the collaterals of the anterior 
choroidal artery enter the optic tract at its temporal side; those of the 
posterior communicating artery approach its nasal side but the majority pass 
over the tract to enter it on the temporal side. 

It is often difficult to demonstrate the exact site at which all these collaterals 
penetrate into the interior of the optic tract; they may encircle the organ 
before penetrating it, sometimes producing fine anastomotic branches in 
their course. This is less frequently seen, however, than at the level of the 
optic nerve and chiasm. 

No anastomoses have been observed between the anterior choroidal 
artery and the posterior communicating artery. 

Deviations from the normal state are not infrequently observed, as in the 
following cases (Fig. 2): 


























Fic. 2.{a) Anterior choroidal artery absent. (6) Communicating artery be- 
tween middle cerebral and posterior communicating artery. (c) Deep communicat- 
ing branch between middle cerebral and anterior choroidal artery. (d) Abnormal 
posterior communicating and posterior cerebral artery. 
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(a) In one hemisphere the anterior choroidal artery was absent, the supply 
of the optic tract depending entirely on the posterior communicating artery, 
which was of considerable width (Fig. 2a). 

(b) In the contralateral hemisphere of the same case the posterior com- 
municating artery was duplicated, one of its branches opening up into the 
middle cerebral artery (Fig. 25). 

(c) In two cases (i.e. in two hemispheres of different brains) there was a 
deep anastomosis (intratissular) between the middle cerebral artery and the 
anterior choroidal artery (Fig. 2c). 

(d) In another case, the posterior communicating artery was especially 
important in that it replaced the posterior cerebral artery, and the circle of 
Willis was closed only by a thin anastomotic vessel between the posterior 
communicating artery and the basilar artery (Fig. 2d). 


(2) External Geniculate Body.—There is a considerable supply of blood to 
the external geniculate body. It originates from an arachnoido-pial 
membrane, containing numerous anastomotic arterioles and localized beneath 
the organ. From this superficial arteriolar network are derived the supplying 
arteries which penetrate the geniculate body perpendicularly (Figs 3 and 4). 

(a) 



























(b) 
Fic. 3.—Transverse section of most superficial layers of external geniculate body, 
with arachnoido-pial membrane, containing arteriolar anastomotic network (a). 
Smaller arterioles plunging into neural tissue (6). Thorotrast. x55. 


The formation of this network is based on the following arteries: 

(a) The anterior choroidal artery, which extends collaterals to the optic tract and 
to the network supplying the external geniculate body and then terminates in the 
ventricular choroidal plexus. 
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Fic. 4.—Arachnoido-pial membrane containing arteriolar anastomotic network 
with superficial layers of external geniculate body. Indian ink. x18. 

(b) The posterior cerebral artery, the terminal branches of which also open up 
into the choroidal plexus, which gives off three or four important branches to the 
above-mentioned network; these are the posterior choroidal arteries, of which we 
have been unable to find the three distinct groups that have been described 
(anterior, middle, and posterior). It may happen that there are only two posterior 
choroidal arteries or that the latter have a common origin. 

On rare occasions we found recurrent branches leaving the choroidal plexus and 
extending to the external geniculate body.° 

In several cases it was possible to fill (albeit poorly) the external geniculate body 
by injecting. Indian ink into a thalamo-geniculate artery, which forms no part of 
the superficial supply network. 

In two hemispheres from two different brains the superior cerebellar artery was 
seen to extend a branch to the network. This branch was localized on the temporal 
side of the common oculomotor nerve, at the surface of the pons Varolii; it followed 
the inferior border of the posterior cerebral artery and encircled the pedunculus 
for a certain distance before starting ramifications into the network in question. 


In summary, it may be stated that the anterior choroidal artery (to a 
smaller extent) and the posterior cerebral artery (to a very considerable 
extent) give off richly anastomosed branches of varying size to the external 
geniculate body, either directly or through the intermediary of the superficial 
supply network*. 

The integrity of the superficial supply network is of paramount importance. 
Since it is composed of arterioles rather than capillaries, it is possible that, if 
one source of blood is suppressed, the supply may continue from another 
source, but exclusion of the posterior cerebral artery is nevertheless consid- 
erably more serious than that of the anterior choroidal artery. If, on the con- 
trary, the network itself is partly or completely obstructed the supply of the 
external geniculate body is always impaired and may be completely cut off. 


*According to Abbie (1933), the anterotemporal part of this network chiefly depends on the anterior choroidal artery, 
while the posteromedian part depends on the posterior cerebral artery. We have been unable to confirm this. 
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It is impossible to subdivide the vascular territories of organs as small as 
the optic tract or the geniculate body into parts dependent on one and parts 
dependent on another artery, especially because branches from the anterior 
choroidal and posterior communicating artery or from the posterior cerebral 
artery may extend to an identical site, so that the exclusion of one or the 
other does not necessarily render the site ischaemic. Also, when one part of 
the external geniculate body or optic tract is eliminated from a functional 
point of view, the causal lesion is generally localized at the level not of the 
large vessels, but of the intratissular capillary network itself. 

This explains why functional deficiencies caused by circulatory distur- 
bances may differ from case to case. For example, Steegmann and Roberts 
(1935) reported homonymous hemianopia following exclusion of the 
anterior choroidal artery, whereas Cooper (1953) observed no disturbances 
in vision in identical conditions; in certain forms of trembling Cooper 
excluded the anterior choroidal artery for therapeutic purposes (exclusion 
of the nucleus of Luys). 

A study of the intratissular vascularization is still therefore more important 
than a study of the macroscopic vascularization. 


III. INTIMATE VASCULARIZATION OF OPTIC TRACT AND EXTERNAL 
GENICULATE BODY 

According to Fazio and Farina (1940), there exist in the optic tract poly- 
gonal capillary meshes of antero-posterior arrangement, all capillaries 
having the same size. According to Abbie (1933), all the branches to the 
external geniculate body, and even those arising from the perforating arteries 
running to the optic radiations, terminate in the cellular layers where each 
possesses its own vascularization. 


(1) Optic Tract.—There is no axial vascular system similar to that of the 
optic nerve. Numerous arterioles are found, of which some supply only the 
optic tract, while others, less numerous, arise from the perforating arteries 
(Figs 5 and 6, opposite). 

Several arterioles, after having perforated the organ, follow a slightly slop- 
ing course, which progressively assumes an antero-posterior direction but 
by a somewhat irregular path (Fig. 7, overleaf). 

Others, penetrating perpendicularly to the surface of the organ, divide 
into branches running in all directions (Fig. 8, overleaf). 

All these arterioles have collaterals which, before joining the capillary 
network, arrange themselves in an antero-posterior direction and then as a 
rule make a hairpin turn to reverse their direction. This pattern is charac- 
teristic of the optic tract, and the vascularization dependent on the anterior 
choroidal artery intermingles with that dependent on the posterior commun- 
icating artery in such a manner as to ensure that the optic tract has a double 
vascularization and is supplied by one source when the other is excluded. 

The capillary network is arranged in an antero-posterior direction, its 
continuity being less systematic and more irregular than that of the optic 
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Fic. 6:—Optic tract. Antero- 
posterior section. Note con- 
centric arrangement round per- 
forating artery (a) as in Fig. 5. 
(6) Indian ink. X18. 

Fic. 5.—Optic tract. Antero-posterior section. Perforating 

artery (a), giving pre-capillary and capillary branches, arising 

perpendicularly from original vessel (6). Note special concentric 

— of capillaries near perforating artery. Thorotrast. 

x 53. 


nerve. There are no long capillaries in a longitudinal direction, the antero- 


posterior continuity being ensured mainly by transverse capillaries. 
In longitudinal sections the following features are seen (Fig. 7, overleaf): 


(a) Fairly large and irregular polygonal, often hexagonal, meshes. 

(b) These meshes alternate with others which are narrower, longer, and 
more fusiform. 

(c) At certain sites of intersection there are capillaries showing a circular 
or ellipsoid course from which emerge two transverse and two longitudinal 
capillaries; this pattern is characteristic of the optic tract (Fig. 8, overleaf). 
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(a) (6) 
Fic. 7,—Optic tract. Antero-posterior section. Slightly sloping course of 


arterioles (a). Hairpin curves of arterioles and precapillary vessels (6). Irregularly 
hexagonal capillary pattern (c), alternating with fusiform pattern (d). Thorotrast. 


x55, 
(a) 


(0) (0) 
Fic. 8.—Optic tract. Antero-posterior section. Arteriole, which penetrates 
perpendicularly (a), divides into branches running in all directions (6). Circular 


course of capillaries at sites of intersection (c). Thorotrast. x55. 
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Transverse sections show the following features: 
(a) The capillaries never form a complete ring round the nerve bundles. 
(6) The anastomotic capillaries assume an oblique direction. 


The capillary network shows changes as it approaches the external 
geniculate body (Fig. 9): 

(a) The sites of intersection formed by capillaries with a circular (no 
longer ellipsoid) course become more numerous and smaller. 

(6) The antero-posterior capillaries are longer and more rectilinear. 

(c) The transverse capillaries assume a direction perpendicular to 
that of the longitudinal capillaries, so that the meshes thus formed become 
quadrangular. 

©) 


Fic. 9.—Optic tract. Antero-posterior section towards external geniculate body. 
Note numerous sites of intersections with central round capillary pattern (a). 
Quadrangular meshes (b) and more rectilinear capillaries. Thorotrast. x 36-3. 


(2) External Geniculate Body.—Apart from the supplying vessels already 
described macroscopically, the external geniculate body also receives capil- 
laries and precapillaries of the optic tract. It is so richly vascularized that, 
in sections, these vessels form a tight nucleus which can immediately be 
distinguished from the remainder of the brain (Fig. 10, overleaf). 

The arterioles, which contribute to the supply of the external geniculate 
body, usually perforate this body before continuing to the optic radiation. 


Their course is slightly curved, showing an internal concavity; they are 
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(d) 


Fic. 10.—External geniculate body 
with transition to optic radiations. 
Oblique frontal section. Tight vas- 

r nucleus of external geniculate 
body (a). Start of optic radiation (4), 
Slightly curved, parallel arteries per- 
forating external geniculate body (c). 
Relatively free space around arteries 
(d). Collateral branches close to- 
gether (e), _Arterioles discontinuing 
at ie yariows levels (f). Thorotrast. 


parallel and fairly large. The branches arising from them and extending to 
the external geniculate body are very close together, and often remain 
parallel until they become transformed into capillaries (Fig. 10). The 
arterioles exclusively supplying the external geniculate body discontinue at 
various levels. Round the large vessels there is a relatively narrow free 


space (Figs 10 and 11). 


Fic. 11.—External geniculate body. 
Parasagittal section. Branching of small 
arterioles (a). Relatively narrow free 
space around arterioles (6). Indian ink. (6) 
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The capillary network of the external geniculate body, which is in anasto- 
motic communication with other capillary networks, constitutes a more or 
\ess spherical and easily recognizable formation. It is composed of several 
layers of capillaries, of which two alternating types are distinguished 
(Figs 12, 13, 14, 15, overleaf): 

(i) Some form serrated, round, or slightly ellipsoid meshes in clusters; 
these are characteristic of the cellular layers of the geniculate body; each 
group of nerve cells would seem to possess its own cluster of capillaries. 


(ii) Others are more rectilinear, more widely spaced, and slightly larger, 
and originate partly from the optic tract. These are characteristic of the 


fascicular layers and are interconnected by transverse capillaries, thus forming 
a network analogous to that of the optic tract. 


The capillary structure of the external geniculate body is a spatial re- 


construction of that of the retina. 
Although each cellular layer possesses individual vascularization, anasto- 


moses occur between all the capillary networks, and the same network may 
be composed of different arterioles. 


In one case a small cluster of capillaries was seen at the level of the optic 
radiation; this cluster was identical with those found at the level of the cel- 
lular layers of the external geniculate body, and had been injected with 
Indian ink simultaneously with the capillary network of the external geniculate 
body. It suggests that a cellular group may exist at the level of the optic 
radiation, which is normally devoid of cells. 


Summary 
(1) The optic tract is supplied by the anterior choroidal artery and the 
_ posterior communicating artery. 

(2) In the interior of the optic tract the arterioles form hairpin turns; 
owing to these recurrent arterioles, each part of the tract receives a double 
vascularization. 

(3) Because of this, exclusion of one of these two supplying arteries does 
not seem to cause permanent lesions. 

(4) In longitudinal section the capillary network of the optic tract consists 
of hexagonal meshes alternating with fusiform meshes. Certain sites of 
intersection are formed by a circular capillary from which arise two trans- 
verse and two longitudinal capillaries. 

(5) The external geniculate body is partly supplied bythe anterior choroidal 
artery, but especially by the posterior cerebral artery; both contribute to the 
formation of an anastomotic network localized at the surface of the organ. 
From this network extend arterioles which terminate within the geniculate 
body, and others traverse it to continue towards the optic radiation. 

(6) The capillary network of the geniculate body, showing features of the 
myelo-architecture, is particularly rich; there are two types of capillaries: 
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Fic. 12.—External geniculate body, superficial layers without arachnoido-pial 
membrane. Oblique transverse section. Greater and smaller arterioles con- 
tinue further than the first cellular layer (a) or have their terminal ramifications (5) 
at that level. Thorotrast. x36°3. 


Fic. 13.—External geniculate body. Frontal section. Note two types of capil- 
laries: (a) Extremely serrated round meshes in clusters (cellular layer). (6). More 
rectilinaer, more widely spaced, and slightly larger (fascicular layer). Thorotrast. 
x 38. 
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Fic. 14.—External geniculate body. Thin oblique frontal section. Arterioles 
ending in different layers (a). Thorotrast. x38. 


Fic. 15.—External geniculate body. Parasagittal section. Enlargement of 
cellular capillary pattern (a) in Fig. 14. Thorotrast. x 135. 
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some accumulated in clusters, extending to the cellular layers, and others 
straighter and more widely spaced, extending to the fascicular layers. 
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DESCRIPTION OF BEHCET’S SYNDROME IN THE 
HIPPOCRATIC THIRD BOOK OF ENDEMIC DISEASES* 


BY 
ARYEH FEIGENBAUM 


Jerusalem, Israel 


THE term “‘ ophthalmia ” (dp0aAta) is used rather vaguely in the Hippocratic 
writings for “‘ inflammation of the eye”, and the restriction of the term to 
“inflammation of the conjunctiva” occurs much later. 

In the course of an investigation of the history of ophthalmia, I found 
that Hirschberg (1899), in his history of ophthalmology, quoted a passage 
from Hippocrates out of its context and was unable to identify the condition 
described. Hirschberg’s text reads as follows: 


In dem gleichfalls echten dritten Buch von den Volkskr. ist von einer 
starkeren Epidemie von Augenentziindung, bei pestbringender Witterungs- 
beschaffenheit, die Rede. 


dpOaruta. Sypal, pwaxpoypdvio. peta mévev. eruptares BrAepdowy EEwhev, 
Eowbev, ToAAG@v POelpovta tac Brac, & adua erovoudTovorv. 
(Fliessende Augenentziindungen von langer Dauer, mit Schmerz: Auswiichse 
an den Lidern, aussen wie innen, vieler Sehkraft zerstérend, die sogenannten 
Feigen). 
Diese Krankheit ist schwer zu deuten. Am ehesten kann an das ganz akute 
Trachom denken, wer diese Krankheit wirklich aus eigner Beobachtung 
kennt. Allerdings sind Auswiichse an der Aussenfliche der Lider dabei 
nicht vorhanden. 


This passage from Hirschberg may be rendered in English as follows 
(German translated by author and Greek by W. H. S. Jones, Loeb 
Edition, 1923): 


In the third book, . . . also genuine, a more severe epidemic is described 
occurring in a pestilential atmospheric condition. Watery inflammations of 
the eyes, chronic and painful. Growths on the eyelids, external and internal, 
in many cases destroying the sight, which are called “‘ figs’. It is difficult to 
make out what disease this may have been. Trachoma would suggest itself 
to anyone familiar with this disease, although no growths occur on the 
exterior of the lid in trachoma. 





Received for publication November 15, 1955. 
t For example, in the third book of Galen’s ‘‘ De compositione medicamentorum secundum 
locos” (ed. Kiihn, 1826), we read: ‘‘ Ophthalmia is an inflammation of the conjunctiva” 
(Esti ophthalmia plegmoné tou epipephykétos hyménou). 
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The whole passage from Hippocrates, which reads thus in the Greek of 
the Loeb edition (1923), is less difficult to interpret: 


VII. "“Hoav. 8& xat Ado. mupetol, mepl dv yeypdbetar. otéuata modrotow &pbaddec, 
bxddea. debate mepl aldoia morAk, eAxdyata, popata, ZEwbev, Eowlev. Ta repli 
BovBavac  400arAutar bypal, uaxpoypdvio. weta méovev. empdores Prepdpwv, BEwev, 
Eowev, moAAGv @Oelpovra tac Sag & aixa trovoud Cover. epteto S& xal én 
thy kAkwy saxéwv modAAd ual ev aldolooww. &vOpaxes moAAol xata Dépog xal HAAx & 
ony xadrcitar. exOduata pweydra. Epmntes moAdoion weycAot. 








The translation of the whole passage by W. H. S. Jones in the Loeb 
edition (1923) runs as follows: 


VII. There were other fevers also, which I shall describe in due course. Many had 
aphthae and sores in the mouth. Fluxes about the genitals were copious [“‘ frequent”’, 
“‘ common ”]; sores, tumours external and internal; the-swellings which appear in 
the groin [“‘ a curious phrase; I suspect that << hides a corruption of the text ’’]. 
Watery inflammations of the eyes, chronic and painful. Growths on the eyelids, 
external and internal, in many cases destroying the sight, which are called “ figs’’. 
There were also often growths on other sores, particularly in the genitals. Many 
carbuncles in the summer, and other affections called “‘ rot’’. Large pustules. 
Many had large tetters. 


An earlier English version, published by F. Adams in 1849, includes two 
interesting footnotes: 


But there were also other fevers, as will be described. Many had their mouths 
affected with aphthous ulcerations. There were also many defluxions about the 
genital parts, and ulcerations, boils (phymata), externally and internally, about the 
groins.(*) 
Watery ophthalmies of a chronic character, with pains; fungous excrescences of 
the eyelids, externally and internally, called fici, which destroyed the sight of 
many persons.(°) 
There were fungous growths, in many other instances, on ulcers, especially on 
those seated on the genital organs. There were many attacks of carbuncle (anthrax) 
through the summer, and other affections, which are called “‘ the putrefaction ” 
(seps); also large ecthymata, and large tetters (herpetes) in many instances. 





(a) “‘ about the groins’’—‘‘ This description apparently can refer to nothing but pesti- 
lential buboes’’. ; 
(b) ‘* destroyed the sight of many persons”’—“‘It is impossible not to recognize this 


as a description of purulent ophthalmia’’. 


Obviously Adam’s assumptions do not reckon with clinical conditions 
which were unknown to him. 


The whole paragraph suggests that the condition described by Hippocrates 
may be identified with the syndrome reported in 1937 by H. Behcet of 
Istanbul. The symptoms originally described by Behget comprised the triad: 
aphthous stomatitis, ulcers around the genitals, and recurring (hypopyon) 
uveitis. Further experience and the re-interpretation of earlier observations 
have added other symptoms: attacks of fever, erythema-nodosum-like 
eruptions, dissemination of pustules over the skin, and neuroretinitic foci 
with or without a chronic uveitis which frequently leads to blindness. All 
these are manifestations of a chronic septicaemia with oral, ocular, and 
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genital metastatic lesions. Four detailed case reports with a comprehensive 
survey of the literature were published by Feigenbaum and Kornblueth (1946) 
and I have since had the opportunity of observing six additional cases. Most 
of the recorded cases in modern times were of natives of the Eastern Mediter- 
ranean, our own first patient being from the island of Rhodes. 

“Watery inflammation of the eyes, chronic and painful” indicates 
lacrimation because of photophobia caused by iridocyclitis, and the remark 
on “ destruction of the sight ” is quite appropriate. Only the “ growths on 
the exterior of the lids ”’ do not fit into the usual picture of Behget’s syndrome. 

The identification of a Hippocratic description of a disease endemic in 
ancient Greece with a contemporary sporadic disease affecting individuals 
with a “ constitutional disorder ” has some biological significance. Here is 
an example of a disease, originally endemic or epidemic during the Hippo- 
cratic period (the complete ignorance of the Hippocratic school of the 
contagious nature of some diseases is not relevant), which in the course of 
time has become sporadic. Similarly, a number of epidemic diseases, common 
in antiquity or in the mediaeval period, have become epidemiologically less 
significant in certain areas, for example leprosy and bubonic plague. 

On the other hand, certain diseases, which were sporadic and even rare 
for long periods in the past, have recently become epidemic or endemic, for 
example the so-called punctate keratitis, which since the late 1930s has 
become almost universally known as epidemic kerato-conjunctivitis. 
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BLOOD IN THE CANAL OF SCHLEMM* 
BY 


REDMOND SMITH 
Institute of Ophthalmology, London 


THE APPEARANCE Of blood in the canal of Schlemm was described by Salzmann 
(1914) and has been reported since by many workers. It has been suggested, 
furthermore, that this gonioscopical appearance is seen less commonly in 
glaucomatous as compared with normal eyes (Kronfeld, McGarry, and 
Smith, 1942: Francois, 1948). Ascher and Spurgeon (1949) interpreted this 
as a sign of a relative obstruction in the depths of the sclera, since a blood 
regurgitation into the aqueous veins is said.to occur more commonly in 
glaucomatous eyes. Hobbs (1950) cast doubt, however, on the validity of 
the evidence that blood was less commonly seen in the canal in glaucoma, 
and it was therefore decided 
to investigate this problem 


by Hobbs’s method. 
Material and Method 


Gonioscopic examination was 


carried out by the use of modi- 
fied Goldmann lenses. The first 


was a conventional lens, from 





13 mm. which the scleral part had been 

‘“« entirely removed, the lens thus 
making contact with the cornea 

OS mm. - only. The second was Hobbs’s 


modification of Goldmann’s 
Fic. 1.—Hobbs’s modification of Goldmann’s gonios- jens (Figs t and 2). It will be 


copy Sens. seen from the figure that a ridge, 
1-S mm. broad and 0:5 mm. 


thick, is added to the inner 
aspect of the edge of the lens. 


r!=8-lmam. This ridge tends to press on the 


eye and produces congestion of 


r 2 12-05 mm. _ the episclera and conjunctiva. 
Two groups of patients were 


examined with this lens, the 
examinations being made in the 


usual way, that is with the 
patient seated before the Haag- 


Fic. 2—Goldmann’s gonioscopy lens. Streit slit lamp and corneal 
*Recetved for publication April 24, 1956, F 


358 
















k 





























BLOOD IN THE CANAL OF SCHLEMM 359 


microscope, the eye having been anaesthetized with a drop of 1 per cent. 
amethocaine hydrochloride. The lens was allowed to remain in position for 
two minutes and the presence of blood in all or part of the canal of Schlemm 
at any time during this period was noted. The ocular tension (Schiétz) was then 
measured. 

At the conclusion of the investigation, it was found that a significant difference 
was present between the glaucomatous and the normal series but it was feared 
that this might be due to bias on the part of the examiner, since in some cases it is 
a little difficult to be certain of the presence of blood. In many cases, indeed, 
it was impossible to see, because of pigmentation of the trabeculae, and these 
cases were excluded. In order to avoid bias, a second investigation was arranged 
in which the examiner was kept unaware of whether the case under examination 
was normal or glaucomatous. The controls in the first investigation were persons 
who had attended Moorfields for minor conditions of the eye, such as corneal 
foreign bodies or who were being refracted (high refractive errors were excluded), 
and the controls in the second series were similar patients who were written to and 
asked to attend the Institute of Ophthalmology as volunteers for this research. 
The glaucomatous patients were all fully authenticated, unoperated cases of chronic 
simple glaucoma, investigated previously in the Glaucoma Clinic at the Institute 


of Ophthalmology. 


In order to subject the controls to the minimum of interference it was decided to 


examine only the right eye. This seemed justified in view of a preliminary ob- 
servation on the glaucomatous cases that no great difference appeared to exist 


between the two eyes of an individual in this respect, and it had the additional 
advantage of avoiding certain statistical difficulties in the analysis of results. 


Findings 
Corneal Lens.—Blood was only seen in the canal of Schlemm in one case out 


of fifty when using the purely corneal lens. All following data, therefore, 
refer to work with the ridged lens. 
Ridged Lens.—Blood was seen frequently, both in normal and glaucomatous 
eyes, when using the ridged lens, and appeared most commonly in the normal 
group. 

Table J shows the findings in the first series, that in which the identity of the 
patients was known to the examiner. [t will be observed that blood was seen 
in 31 per cent. of the glaucomatous eyes as compared with 66 per cent. of 











TABLE I 
| | : | | Per cent 
Group ae 0 Totals { +ve 
enue soe 51 31 
66 


Control was “at 27 | 14 41 





Difference=35 per cent. 
Standard error of the difference= {0 


Difference >3 x Standard error 
(Analysis excludes cases not visible due 10 pigment) 
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normal eyes. The standard error of the difference is 10 so that the difference 
is more than three times the standard error. | ‘ 
Table II shows the findings in the second series, when the identity of the 


patients was not known. Blood was seen in 4{ per cent. of the glaucomatous 
eyes but in 92 per cent, of the controls. The standard error of the difference 


is 13, so that the difference is four times the standard error. 














TABLE II 
\ Per cent. 
Group + 0 Totals +ve 
Glaucoma ) 9 13 \ 2 aL 
Control fod waa 12 | 1 13 92 
Difference=51 pe : 


Standard error Of fae aibiaaiiens 13 
Difference 4x Standard error 


(Analysis exchades cases not visible due to pigment) 


Table III shows the results of considering Series 1 and 2 together. In the 
combined series, blood was seen in 34 per cent. of glaucomatous eyes but in 
72 per cent. of controls. The difference is statistically significant, taking 
P=0-05 as the level of significance, since P <-O1. A footnote to Table III 
shows the number of cases excluded because of pigmentation of the trabeculae. 
It will be noted that 17 per cent. of the glaucomatous eyes were rejected 
(fifteen out of 88) and 11-5 per cent. of control eyes (seven out of 61). Ex- 
amination of these figures by the X? test shows that X*>=0-8; N=1, therefore 
P > 0-3. The difference in incidence of pigmentation, sufficient to obscure 
a view of blood, is not therefore greater than would be expected from chance. 
It is thought unlikely, therefore, that the exclusion of these heavily pig- 
mented eyes affects the conclusions reached in the work. 


TABLE III 
SUM. OF TABLES I AND ll 











| Per cent. 
Group | + | 0 Totals +ve 
nn ee, ae Ce, Se 73 | 34:2 
DE ss Oe .  e 54 | 72-2 
\ 


| 
Difference=38 per cent. 
Standard error of the difference=8-2 
Difference 4-5 x Standard error 
y?=19; N=1; P <0-01 
(Analysis excludes cases not visible through pigment) 


(N.B.~-Cases excluded because of pigment comprise fifteen glaucomatous patients (17-0 per cent.) and seven 
controls (11°5 per cent.). 
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Table IV shows the effect of removing from the series all cases of glaucoma 
in which the tension (mm. Hg Schiétz) was more than 30. This is done as 
an attempt to eliminate the possibility that the level of the tension might:be 
the cause of the observed difference, rather than some other factor, at present 
unknown. There is, in fact, a strong suspicion that the actual level of the 
tension does play a part, since only one of the thirteen glaucomatous eyes 
with a tension above 30 mm. Hg showed blood. However, even with these 


cases excluded, blood was seen in only 40 per cent. of glaucomatous eyes but 
in 72 per cent. of controls. The difference is significant since P <0-01. 


TABLE IV 
TABLE [If EXCLUDING CASES WITH TENSION ABOVE 30 mm. Hg SCHIOTZ 











| | Per cent. 
Group + \ 0 \ Totals +ve 
Glaucoma ... re | 24 36 60 40 

|] 72:2 


Control... me | 39 15 54 





Difference=32:2 per cent, 
Standard error=8-8 
Difference 3-6 x Standard error 


x?=10; N=1; P<0-01 
Table V shows the incidence of blood-filling in the glaucomatous and con- 
trol groups at various tension levels. It will be seen that no significant 


difference exists in either group in the incidence of blood-filling at the various 
Jevels until a tension of 30 mm. Hg is reached. Above this tension, in the 


glaucomatous group, a sharp fall in the incidence of blood-filling is seen, 
40 per cent. falling to 7-7 per cent. The standard error of the difference 


between the normotensive and the hypertensive group is 10-5, but the differ- 
ence is 32:3 per cent., so that the difference is significant (P < 0:01). 
TABLE V 
TENSION STUDIES 























Tension | Per cent. Mean Age 
Group (mm. Hg Schidtz) } + 0 Totals ve (yrs) 
Glaucoma ... <2 eee 19 37 68-4 
21-25 12 17 | 29 41 66-06 
ae Soe Palle. fed ast sks Mee 2 41 63-58 
31—35 1 x 9 | 1 61-1 
>35 Peat ae | 0 61-5 
ee a mee Oe) ee 71 49 
21—25 15 6 | | 71 57:3 
>25 1 | <0 | ee (—) (49) 
Not taken 1 0 | ee (-) (60) 


| 
{ J 


It should be emphasized that in the glaucomatous group below a tension 
of 31 mm. Hg there is no sign of a progressive decrease in blood-filling as 
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tension rises, and a similar observation holds for the control group. It may 
be said, therefore, as far as the present series is concerned, that the actua! 
level of the tension at the time of examination does not appear to influence 
the results in either group, provided the level of 30 mm. Hg (Schiétz) is not 
exceeded. Above this level the tension at the time of examination has a 
profound influence on the results. 

The control group does not exactly match the glaucomatous group in re- 
spect of age and sex distribution, so that an attempt must be made to assess 
the influence of these factors on the results. 

Furthermore, since a tension of more than 30 mm. Hg clearly inhibits 
blood-filling per se, regardless of any other factor peculiar to the glaucomatous 
eye, it would be advisable again to exclude such cases. These cases number 
thirteen, leaving sixty glaucomatous eyes with a mean age of 66-7 years. 
These eyes may be compared with those of 54 controls with a mean age of 
53 years (Table VI). 




















TABLE VI 
AGE STUDIES 
| 
| Per cent 
Group Age (yrs) + 0 Totals +ve 
| 
Less than 66-7 ... | 13 | 15 | 28 | 46 X*=11 
N=1 
Glaucoma More than 66:7... | | ar | - 32 ae P <0-01 
Less than 53... | 23 | 6 | 29 | 80 x?=4-5 
Control N=1 
More than 53... | 16 | 9 | 25 | 64 P <0-05 








Mean age of glaucomatous patients with tension less than 31mm. Hg Schiétz =66°7 yrs 
Mean age of all controls =53 yrs 


Considering all the glaucomatous patients below the mean age of 66:7 
years, we find a figure of 46 per cent. blood-filling compared with 34 per 
cent. for all those above the mean age. 

Considering all the controls below the mean age of 53 years, we find a 
figure of 80 per cent. blood-filling compared with only 64 per cent. for all 
those above the mean age. 

In the glaucomatous patients the difference in incidence of blood-filling 
between the younger and the older age groups is statistically significant 
(P <0-01), and in the controls the difference between the younger and the 
older groups is also significant but not with such certainty (P < 0-05). 

An attempt may now be made to estimate the influence of age on the dif- 
ferent incidences of blood-filling in glaucomatous patients as compared with 
controls (Table VII, opposite). The younger cases of glaucoma (i.e. all those 
belowthe mean age for all glaucomatous patients, excluding cases with tensions 
above 30 mm. Hg Schidtz) have a mean age of 59 years and a blood-filling 
incidence of 46 per cent. The older controls (those above the mean age for 
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TABLE VII 
EFFECT OF AGE 





Mean Age| Mean Tension Per cent. 
Group Age (yrs) + | 0 | Total (yrs) | (mm. Hg Schidtz) +ve 














Glaucoma | Less than 66-7 |13|15| 28 | 59 22:68 46 
Control More than 53 } 17 | 9| 26 66 21-00 65 




















Difference= 19 per cent. 

Standard error of difference= 13-4 

Difference <2 x Standard error 

x?=6:6; N=1; P=0-01 
controls) have a mean age of 66 years and a blood-filling incidence of 65 
per cent. Thus the difference between glaucomatous patients and controls 
in these groups is nineteen, which is significant (since P=0-01). Thus age 
cannot be said to account completely for the observed difference in the in- 
cidence of blood-filling between the glaucomatous patients and the controls. 
The influence of sex on the findings may now be examined. In the glau- 
comatous group (excluding, once more, cases with tension of more than 
30 mm. Hg Schiétz), there are 36 males and 24 females: 33 per cent. of the 
males show blood-filling, while 45-8 per cent. of the females show blood- 
filling, a difference of 12-8 per cent. The standard error of this difference 
is, however, exactly 12-8, so that the difference cannot be regarded as sig- 
nificant. In the control group there are sixteen males, of whom 75 per cent. 
show blood-filling, and 38 females, of whom 71 per cent. show blood-filling. 
The difference here is clearly not significant. 
It is unlikely, therefore, that the difference in sex distribution between the 

glaucomatous patients and controls in the present series has any influence on 
the observations with regard to blood in the canal of Schlemm, since it 


_ occurs approximately with equal frequency both in males and females. 


A further point of interest which is not suitable for statistical study is that 
of the morphology of the observed blood-filling. In the glaucoma patients 
it was often observed that very short filled sectors of the canal alternated 
with short unfilled sectors in a given case, the filling being patchy and in- 
complete. In the controls, filling was generally more extensive; it was 
usually total, but if, for example, only half of the circumference became 
filled, it was usually filled completely without patches or gaps. 


Conclusions 

It is concluded from the statistical analysis of the results obtained in this 
investigation that the appearance of blood in the canal of Schlemm is in- 
fluenced by at least three factors. The first is the existence of chronic simple 
glaucoma, the second is the presence of an ocular tension of more than 
30 mm. Hg Schiétz at the time of examination, and the third is the age of the 
patient. It cannot be too strongly emphasized that these factors each have 
separate influences on the results, since, as has been shown, a significant 
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difference exists between glaucomatous patients and controls even when the 
factors of age and tension have been allowed for. 

It is thought unlikely that blood failed to be seen in the glaucomatous 
cases through opacity of the trabeculae. Pigment obscured the view in 
some normal and some glaucomatous cases but these were all excluded from 
the series. If blood appeared in an eye with a non-pigmented or moderately 
pigmented trabecular meshwork it was always obvious, which would not be 
expected if varying degrees of trabecular opacity were present, to obscure or 
partially obscure it. 


Discussion 

Two important questions arise from the present findings; first, what factor 
is present in glaucoma simplex to inhibit the backflow of blood into the canal 
in the conditions of the investigation; secondly, of what use might this 
technique (or a refinement of it) be in the diagnosis of glaucoma simplex ? 

As far as the first question is concerned, it is felt that the technique itself 
is so crude and its mechanical effects so incalculable that an estimate of the 
factor or factors causing the inhibition of blood-filling in glaucoma could 
only be arrived at by pure guesswork. Many possibilities may be considered, 
such as partial or total obliteration of the canal of Schlemm, constriction of 
scleral channels, constriction of episcleral channels, sclerosis of episcleral 
veins resisting the pressure of the contact lens, high pressure in the episcleral 
veins giving a like result, low pressure in the intrascleral arteries giving an 
inadequate blood supply to the deep scleral plexus, the presence of unduly 
well-developed deep scleral-uveal venous anastomoses (by-passing the com- 
pression effect of the contact lens on the episclera), sclerosis and rigidity of 
the trabeculae (preventing blood backflow into the canal by virtue of con- 
verting it into an inexpansible chamber), or the influence of miotic drops. 
It is clearly necessary, if the above possibilities are to be studied further, to 
seek a more refined technique. 

As far as the second question regarding the value of the test as a diagnostic 
procedure is concerned, it is worth noting that even in its present crude form 
it is able to show a difference in response of 35 per cent. as between glaucoma- 
tous patients and controls in the presence of a normal tension (Table IV). 
Considering any individual case in this Table it will be appreciated that if 
blood-filling is not observed the odds are 1-7 to 1 in favour of the case being 
glaucomatous and 2-6 to 1 against its being normal. Thus, even in its 
present form, the test can make a definite contribution to clinical knowledge 
of an individual case although its value is obviously only slight. It does not 
seem beyond the bounds of possibility, however, that the technique might 
be so improved as to accentuate the difference between glaucomatous and 
normal eyes in this respect. 


Summary 
An investigation is described in which blood-filling of Schlemm’s canal 
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was observed gonioscopically using Hobbs’s modification of Goldmann’s 
contact lens. A statistically significant difference was found in the incidence 
of blood-filling in a group of patients with unoperated simple glaucoma as 
compared with normal controls, blood-filling being less frequent in the 
glaucomatous group. 

A high level of ocular tension (above 30 mm. Hg Schiétz) and advancing 
age were two factors which were found to militate against the appearance of 
blood, but they were not sufficient to account for the difference between 


. glaucomatous and normal eyes. It is concluded that there is an additional, 


unknown factor or combination of factors present in a glaucomatous eye 
which tends to inhibit blood backflow into the canal of Schlemm. 

Some of the numerous possibilities which might account for the observed 
difference are mentioned and it is also suggested that the test in an improved 
form might prove to have some diagnostic value. 

My thanks are due to Miss B. V. Nicholson and Miss A. V. B. Hague for secretarial assistance. 
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NORMAL INTRA-OCULAR PRESSURE* 


BY 


M. ALIMUDDIN 
Army Medical College, Rawalpindi, Pakistan 


INTRA-OCULAR pressure varies from individual to individual, from right eye 
to left eye, and from time to time. Many manometric studies have been 
made on experimental animals but observations on human eyes have been 
few: Wessely (1915, 1916) found an average of 22:5 and 18°5 mm. Hg, and 
Seidel (1922) one of 20 and 25:5 mm. Hg. Tonometric studies of human 
eyes, however, have been many; the results range from 12 to 35 mm. Hg 
(Table I), and the normal average may be taken between 15 to 35 mm. Hg. 


TABLE I 
TONOMETRIC RECORD OF INTRA-OCULAR PRESSURE (mm. Hg) 









































Author | Date No. of Eyes | Minimum Record Maximum Record 
Schiotz <4 1909 se | 19 30 
Wegner... 1911 100 | 17 35 
Toczyski ...| 1912 70 | 15-5 30 
Gridland _... 1917 1,001 | 16 28 
Gjessing ... 1921 2,180 | 13 35 
Andrezen... 1928 447 12 35 
Present Series 1956 1,000 13 30 

Material and Methods 


No tonometric studies have previously been made on the eyes of Pakistani 
subjects and consequently no data is available. Tonometric studies of 1,100 
healthy eyes were made, using a Schidtz “‘ X ” tonometer, and the results are pre- 
sented below. Pressures are expressed in mm. Hg, using the Schidtz conversion 
tables. 

The radius of curvature and scleral elasticity vary from eye to eye, and these, 
plus the weight of the instrument and the mode. of application, introduce many 
inaccuracies in tonometry. To reduce these variables to a minimum, the tests 
were all done with the same tonometer and by the same tonometrist. 

The following aspects of the subject were studied: 


(1) Normal Tension.—The average of 6-hrly tonometer readings for 2 consecutive days 
represents the mean tension in each of 1,000 eyes. 





*Received for publication November 14, 1955. 
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(2) Diurnal Variation in Normal Eyes.—2-hrly tonometer readings were taken on fifty 
eyes. 
(3) Effect on Normal Tension of Provocative Tests. 

(a) Jugular Compression Test (Schoenberg, 1929).—The pre-compression ocular 
tension was taken on fifty eyes with a Schidtz ‘‘ X ” tonometer, then the sphygmomano- 
meter cuff was tied round the neck to compress both jugular veins, and the cuff was 
inflated to 40 mm. Hg for one minute. The ocular tension was taken immediately 
and again 20 min. after release of the cuff. 

(b) Water-Drinking Test (Wegner, 1930a, b, 1931).—The 25 individuals studied were 
kept in bed, and each was given 1,000 ml. water to drink in 5 min. on an empty stomach 
after emptying the bladder in the morning. Smoking was not allowed. The ocular 
tension was taken 15 min. before the test started and then every 15 min. for 2 hrs. Urine 
was collected every 30 min. for 3 hrs to study diuresis, and 2 ml. venous blood was col- 
lected in a dry oxalated vial before the test and then every 30 min. for 3 hrs to study 
changes in haemoglobin percentage (Salhi’s technique) and plasma proteins (copper 
sulphate specific gravity method). 


Results 
(1) Average Normal Tension.—Out of a total of 1,000 eyes investigated 
(669 male and 331 female), the average tension was 19 mm. Hg (Table II). 
TABLE II 
INTRA-OCULAR PRESSURE IN VARIOUS AGE GROUPS 




















































































































Number of Eyes 
Total Age Group (yrs) ' 
Tension | Poa) 11-20 21-30 31-40 41-50 51-60 
(mm. | Male | Female | Total : / 
Hg) Male | Female | Male | Female | Male | Female | Male | Female | Male | Female 
13 11 9 | 0} — _ 11 9 _ os — scam on | ak 
4 | 2| 1 | 40 | | 12 6 Sc ck ont he fae ae 
15 48 28 | 76 | 21 9 15 11 12 8 _ _ _ _ 
16 72 26 | 98 | 24 10 17 6 10 5 12 3 9 2 
17 | 110 37 | 147 | 33 12 21 9 20 7 21 6 15 3 
is [139 | 52 [19 | 30 | 12 | 32 | as | 1s 6 | 33 | 10 | 29 9 
19 | 76 20 96 | 16 4 11 4 13 3 18 4 18 5 
2 | 59 20 79 9 5 7 2 14 4 16 4 13 5 
21 44 2 | & 5 3 6 4 9 5 Ti 6 13 7 
2 27 is | 42) 2 a 4 1 7 3 7 5 7 6 
23 21 17 | 38 2 1 2 2 5 3 5 5 7 6 
4 19 18 | 37 1 | 2 1 3 2 6 6 7 8 
25 12 15 | 27 | — —_ 1 1 2 3 4 5 5 6 
26 4 7 | 2a | — — 1 1 1 3 1 6 1 7 
27 1 8 | 9; — _ _ _ —_ 1 1 2 _ 5 
28 2 4 | 6] — _ —_ _ — _ 1 1 1 3 
29 a 2]; 2} — — sath ie a ow oe 2 bes _ 
30 ae 2 | 2/—-— = wes os — EN ma = oe 2 
Average | “ a 
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A tension below 15 mm. Hg was found in 6 per cent., all below 30 years of 
age; 4 per cent. (mostly females over 40 years of age) showed a tension be- 
tween 26 and 30 mm Hg; 69 per cent. showed a tension between 15 and 
20mm. Hg; and 21 per cent. a tension between 21 and 25 mm. Hg. 48 per 
cent. showed equal tension in the right and left eyes, and most of the re- 
mainder (42 per cent.) a higher tension in the left eye than in the right (Table 
III), the greatest difference being 3 mm. Hg (Schiétz) 


. TABLE Ill 
DIFFERENCE IN TENSION BETWEEN RIGHT AND LEFT EYE 





Paired Eyes Per Centage Tension Difference 
(mm. Hg) 


209 48 Same right and left — 
42 Higher in ieft eye 1 to 3 
43 10 Higher in right eye 1 to 3 























(2) Diurnal Variation—Two types of diurnal variation in intra-ocular 
pressure were noted: 

(a) ‘Typical’ (Maslenikow, 1904).—The tension is usually highest in the early 
morning before rising and lowest in the evening between 6 to 8 p.m. It falls in 
two steps after rising in the morning; a sharp fall within 2 hours and a slow fall 
until late in the evening. During the night it rises again in two steps: a slow 
gradual rise until 2 a.m. and then a sharp rise to a maximum before getting up. 

(b) ‘ Reversed’ (Hagen, 1925).—Very rarely the tension is highest in the evening 
and lowest in the morning (4 per cent.). 

The typical diurnal variation (Fig. 1), was seen in 48 eyes (96 per cent.) 
and the reversed in two eyes (4 per cent.). The range of diurnal variation 
was between 2 and 5 mm. Hg (Schi6tz). 
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Fic. 1.—Diurnal variation in intra-ocular Fic. 2.—Intra-ocular pressure 
pressure. ingestion of 1,000 ml. water. 
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(3) Provocative Tests 
(a) Jugular Compression Test.—Four types of results were obtained, the first 
three being similar to those of Schoenberg (1929) and Agarwal and Sharma (1953): 
(i) No change (four eyes). 
(ii) Rise during compression and gradual fall to the initial level within 20 min. 


of release of sphygmomanometer cuff (eighteen eyes). 
(iii) Rise during compression and fall to a point below the initial level within 


20 min. of release of cuff (sixteen eyes). 
(iv) Rise during compression and slow fall to a point above the initial level 


(twelve eyes). 

78 per cent. showed a rise in ocular tension of between 2 and 6mm. Hg Schiétz; 
14 per cent. (mostly females over 40 years) showed a rise of between 7 and 10 mm. 
Hg (Table IV). The final position was between 2 and 3 mm. Hg. above or below 
the initial level. 

TABLE IV 


EFFECTS OF PROVOCATIVE TESTS ON INTRA-OCULAR PRESSURE 





Jugular Compression Test Water Drinking Test 


No. of Rise in Ocular ls Rise in Ocular 
Eyes Tension (mm. Hg) Tension (mm. Hg) 





| Per Cent. 





ae 
es 
oot 





| 
| 88 
| 12 








(6) Water-Drinking Test.—All cases showed a rise in ocular tension after the 
water-drinking test, 88 per cent. of between 2 and 6mm. Hg Schiétz, and 12 per 
cent. of between 7 and 10 mm. Hg (Table IV). The greatest rise in ocular tension 
occurred 30 to 45 min. after drinking the water, and the tension gradually fell to 
the initial level in 2 to 3 hrs (Fig. 2). 

Tests with less than 500 ml. water gave negative results, although positive results 
have been obtained by giving as little as 250 ml. (Agarwal and Sharma, 1953) and 
even 50 ml. (Schmidt, 1931) in glaucomatous patients. Results obtained with the 
water-drinking test by various workers in normal eyes are given in Tabie V. 


TABLE V 
RESULTS OF WATER-DRINKING TESTS IN HEALTHY EYES 





Rise in Tension (mm. Hg) 





2 to 6 | 7 to 10 
| Per Cent. | No. Per Cent. 
88 | 6 12 
aS 2 


Author 











Present series ee 50 44 | 








Agarwal and Sharma 50 | 49 | 98 


Sugar aye ok | 9 eyes (5 per cent.) gave positive results. 
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Diuresis.—This started within 30 min. of drinking the water, reached its peak within 

2 hrs, and then declined. Leydhecker (1950) classified diuresis as “‘ high ” or “ delayed ”’ 
as follows: 

@) High.—More than nine-tenths of the water taken is excreted within 2 hrs or more, and 


the total amount is excreted within 3 hrs, 
Gi) Delayed. _—Less than six-tenths is excreted within 2 hrs, or less than eight-tenths 
wi n 3 hrs. 


The incidence of “ high” and “delayed ” diuresis (Table VI) was similar to that recorded 
by Campbell, Gloster, and Tonks (1955). No direct relationship was found between the 


rate and degree of diuresis and the rise in ocular’ tension. 
TABLE VI 
DIURESIS IN WATER-DRINKING TESTS (NORMAL SUBJECTS) 
} ) 


No. of 
Toned. 





Diuresis 





| 

ae 

| No. Pred 
| 








eh 


Present series... 0... ss | 27 | 4 








Blood.—The plasma proteins and haemoglobin showed a slight immediate fall after the 
water-drinking test and returned to normal values within 2 hrs in most cases; 16 per cent. 


however showed no change in plasma proteins or haemoglobin, and in 32 per cent. the 
fall was negligible, while in 52 per cent. it was only slight (Table VID. No relationship 


was found between these blood changes and the rise in ocular tension. 


TABLE VII 


CHANGES IN PLASMA PROTEINS AND HAEMOGLOBIN (mg. per cent.) 
AFTER WATER DRINKING (NORMAL SUBJECTS) 





a | After 2 Hrs 





globin globin 





s 

12 80 ‘73 | 80 | (5-93 : 

ee 90 ; 7 6| 632 | 
| 5M | 
Bec? 


8s 





es. Proteins Haemo- ‘i Proteins 
globin 
\ 
\ 








16 | 15 ; 68 5:44 
Average } | 83 ‘ 73 








Average Norma) Tension.—TYhe estimate of Schidtz (1909) and Cridland 
(1917) of the average normal ocular tension as 20 mm. Hg is in general agree- 
ment with the average of the present series. 

A tension above 30 mm. Hg gives rise to a suspicion of glaucoma; and a 
tension above 35 mm. Hg is definitely pathological, since an eye cannot bear 
such a high tension long without disturbance of functions. In spite of the 
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above generalization, a simple record of raised tension is of little value in 
subjects of glaucoma age in the absence of any other signs or symptoms of 
glaucoma, since the norma] maximum intra-ocular pressure is known to be 
as high as 35 mm. Hg (Wegner, 1911; Andrezen, 1928; Miiller, 1931). Cases 
showing ocular tension between 26 to 30 mm. Hg were subjected to repeated 
ophthalmoscopic and perimetric examinations, and provocative tests for a 
period of 2 years for any evidence of glaucoma. The results of these tests 
were negative, and these individuals had no other symptoms suggestive of 
glaucoma. It is also true that cases of fully-developed glaucoma may show 
ocular tensions below 30 mm. Hg. 

Effect of Age and Sex.—Tension tends to increase slightly with age, especially 

after 40 years in females (Table II). This is probably due to many factors, 
including increased rigidity of the sclera, neuro-vegetative changes, and 
endocrine instability, which are also important predisposing factors for 
glaucoma. 
Diurnal Variation.—96 per cent. of our series showed diurnal variations up 
to 3 mm. Hg, and only 4 per cent. showed variations up to 5mm. Hg. This 
in general confirms the results obtained by Maslenikow (1904), Hagen (1925) 
and Sallmann and Deutsch (1930), but Cordes (1937) gives a figure of normal 
variation up to 9 mm. Hg. 

The difference of tension between the right and left eyes (Table III), and 
especially a higher tension in the left eye is not well understood, though 
perhaps as the left eye is more directly in the path of circulation, it may be 
more subject to the influence of general vaso-motor changes. 


Provocative Tests 

Jugular Compression.—The results so far obtained do not lead to any 
useful conclusion. This test has been declared useless except by Agarwal 
and Sharma (1953), who found it simple and reliable for the diagnosis of 
glaucoma, and believe that a rise of more than 6 mm. Hg is pathological. In 
the present series, rises of even 10 mm. Hg were observed in normal eyes 


(Table [V). 


Water-Drinking.—Complete rest in bed and prohibition of smoking and 
stimulating drinks are pre-requisite to the water-drinking test, especially in 
the tropics, for otherwise it is likely to give negative results. 

Blood:—The ingestion of water brings about a slight dilution of the plasma 
and a slight increase in plasma volume, as shown by a fall in haemoglobin and 
total proteins (Table V). | Haemodilution causes a decrease in crystalloid osmotic 
pressure and an increase in capillary permeability which facilitates the flow of 
water out of the blood vessels. Consequently, there is increased flow of aqueous 
and a temporary rise in intra-ocular pressure. This returns to the initial level in 
about 2 hrs (Fig. 2) through immediate compensatory diuresis and distribution of 
water throughout the extracellular and intracellular fluids. The whole process, 
which appears so simple, is controlled by complex hormonal and neuro-vegetative 


factors. 
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Blood Pressure-—This is not affected by the water-drinking test either in 
healthy subjects as observed in the present series, or in glaucomatous individuals 
(Agarwal and Sharma, 1953); it is therefore improbable that it is a factor in the 
rise of ocular tension. In glaucomatous eyes, the abnormal rise of ocular tension 
in the water-drinking test can be explained by the greater increase in capillary per- 
meability of the uvea and defective drainage of the aqueous. 


Diuresis—No direct relationship between “‘ high” or “ delayed ” diuresis 


and rise in ocular tension has been found by other workers or in the present series. 
Diuresis is largely due to decreased secretion of the antidiuretic hormone of the 


posterior pituitary. The osmoreceptors lying in the distribution of the internal 
carotid artery are extremely sensitive to changes in the crystalloid osmotic pressure; 
any decrease in the osmotic pressure that might be caused by the water-drinking 
test inhibits secretion of the antidiuretic hormone by impulses carried through 
the hypothalamus to the posterior pituitary (Verney, 1929, 1947). 


Summary 

Tonometric records of intra-ocular pressure in 1,000 healthy eyes showed 
that the ocular tension ranged from 13 to 30 mm. Hg Schiétz (average 
19 mm. Hg). 

Diurnal variations in normal intra-ocular pressure and the effects of the 
jugular compression and water-drinking test on the normal intra-ocular 
pressure were also studied in view of their importance in the rans of 
glaucoma. 


I wish to thank Lt. Gen. W. A. Burki, C.B.E., Director General of Medical Services, and 
Major General M. N. Mahmood, Director of Medical Services, for their permission to publish 
these statistics, Lt. Col. M. Ayib Khan and Lt. Col. H. K. Khalil for their encouragement, and 
the medical officers and nursing staff of the Eye Department for their help and co-operation. 
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CONCOMITANT ESOTROPIA OF LATE ONSET* 
PATHOLOGICAL REPORT OF FOUR CASES IN SIBLINGS 


BY 
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Instituto “ Pedro Lagleyze” 
Director: Prof. Dr. Jorge Malbran 
Buenos Aires, Argentina 


CONCOMITANT convergent squint usually begins during childhood. Cosse 
(1899) states that in 90-2 per cent. the onset occurs between birth jand the age 
of 5 years; Priestley Smith (1898) states that 300 out of 347 cases began during 
the first 5 years; Worth (1939) found that 70 per cent. of uniocular convergent 
squints began before the age of 4 years and that 88 per cent. of alternating 
squints began before the fifth year. Lagleyze (1913) believed that the average 
age at onset of convergent squint was 4 years and 3 months. Malbran (1953) 
states that it is rare for a convergent squint to begin after 6 years of age; of 
353 cases, 298 appeared between birth and the fifth year. Scobee (1951) 
found that 93 per cent. began before the fourth year; Keiner (1951) that 576 
of 656 convergent squints had begun before the sixth year; Nordléw (1953) 
that 92 per cent. of 518 cases had begun before the fourth year. 

Thus, the percentage of concomitant convergent squints beginning after 
the fifth year is small, and we must subtract from them cases of esotropia of 
paralytic origin that may, in the course of time, have evolved towards con- 
comitance; these belong to an already defined clinical entity and will not be 
considered here. We shall refer exclusively to non-paralytic concomitant 
esotropia of late onset, the pathogenesis of which has been variously inter- 
preted by different authors. Three clinical forms have been described: 


(1) A type described by Bielschowsky (1922) of late and acute onset in myopes 
accompanied by spontaneous diplopia. The affection begins as a rule in persons 
with neuropathic tendencies, as the result of a psychical or physical shock, and 
diplopia improves or disappears when the patients fix their sight at close range. 
Similar cases of this type were described by Weber (1947) and by Franceschetti and 
Moutinho (1951). The latter described two cases: one resulting from an injury to 
the orbital region, and the other followed a sea voyage made under adverse 
psychical conditions; both were cured by surgery. Dubois-Poulsen, Benmansour, 
and Attane (1955) have also presented two cases of this type. 


(2) A second type is described by Franceschetti and Bischler (1948). This 
differs from Type 1 in that it appears in emmetropes or slight hypermetropes. The 
first case dealt with by these authors was that of a 15-year-old girl who, without 
apparent cause, suddenly developed concomitant esotropia in all fields of vision, 
for both near and distance, accompanied by diplopia. Franceschetti and Moutinho 
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(1951) described three other similar cases of acute onset at 47, 64, and 9 years of 
age, which they proposed to name “acute concomitant convergent squint ”’. 
Franceschetti (1952) presented another case of acute concomitant intermittent 
squint in a woman aged 40; in this case, however, the first episode had occurred 
when she was 20 years old, and although other neurological signs were absent, 
Franceschetti considered multiple sclerosis to be the most probable aetiology. 

Meunier (1952) described the case of a boy aged 4 with diplopia due to con- 
comitant convergent squint in all fields of vision. Although he identified this as 
belonging to the Franceschetti and Bischler group (Type 2) he proposed the name 
of “‘concomitant convergent squint with or without manifest diplopia”; the 
term “ acute ” does not satisfy him, as this type is not always of acute onset. 

This type has rarely been reported in the literature except by Lagleyze (1913), 
Cords (1930), Terson (1935), Bailliart (1936) and Burian (1950). 


(3) A third type of concomitant esotropia of late onset may appear as the result 
of ocular occlusion. Swan (1947) described four such cases and proposed the 
name “ esotropia following occlusion’. Two additional cases were described by 
Malbran (1953) and ten by Norbis (1953). Paufique (1931) and Bielschowsky 
(1940) also presented isolated cases of esotropia resulting from the occlusion of 
one eye. 

Some authors have included these cases with Type 2, but we believe that, though 
pathogenically similar, they should be classed separately because of their specific 
cause. 


Present Investigations 


We present four cases of concomitant esotropia of late onset in four 
siblings (Figure): 





Case 4. Case 2. Case |. Case 3. 


Ficure.—Four children of the same parents, aged 6, 10, 12, and 13 yrs, all with 
concomitant esotropia of late onset. 


Case 1, a boy aged 12.—When he was riding on a merry-go-round at the age of 6, his left 
eye suddenly became convergent with spontaneous diplopia, and this condition has 
persisted unchanged. 











iT 
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Examination 


Visual Acuity: without glasses: right eye 10/10, left eye 3/10; with glasses: right eye 
(+2-5 D sph., +1 D cyl., axis 10°) 10/10, left eye (—2 D cyl., axis 175°) 6/10. 
nog pa Test: with and without glasses, both eyes, esotropia 80, concomitant in all fields 
of vision. 
Normal correspondence on synoptophore and after-image test, but no range of fusion. 
wise —5-mm. recession medial rectus both eyes. 7-mm. resection lateral rectus left eye. 
Screen Test: Esotropia 40> both eyes. 


In spite of the persistence of marked residual esotropia, the patient has no diplopia. 
On Worth’s 4-dot test he suppresses the left eye. 


Case 2, a girl aged 10.—At the age of 6 she suddenly began to turn the left eye inwards 
with spontaneous diplopia, for no apparent reason. She was treated at another clinic 


with no improvement. 
Examination 
Visual Acuity: without glasses: right eye 10/10, left eye 1 | 10; with gemes: right eye 
(+3-25 D sph.) 10/10, left eye (+1-25 D sph., +2-°5 D cyl., axis 180°) 1/10 
— Test: with and without glasses, both eyes, esotropia 804, concomitant in all fields 
of vision. 
Normal correspondence on synoptophore and after-image test, but no range of fusion. 
Treatment.—Occlusion of the right eye was carried out for 6 weeks and the visual acuity in the 
left eye improved to 7/10. Esotropia unchanged. 
Operation.—5-mm. recession medial rectus and 9-mm. resection lateral rectus left eye. 
Screen Test: without glasses: esotropia 20; with glasses: esotropia 10%. 


Two years after operation, the esotropia was 25~ with no diplopia. 


Case 3, a girl aged 13.—At the age of 9 she had begun to turn the right eye progressively 
inwards, with spontaneous diplopia. The strabismus was at first intermittent but gradually 
became constant. 


Examination 


Visual Acuity: without glasses: right eye 6/10, left eye 10/10; with glasses: right eye 
Ye 5 Dsph., —0-75 Dcyl., axis 130°) 9/10, left eye (—1 D sph., —0-5 Deyl., axis 75°) 


10/10. 
fom 3 Test: with and without glasses, both eyes, esotropia 60“, concomitant in all fields 
of vision. 
— correspondence on synoptophore and after-image test, but with no range of 
usion. 
Operation.—5-mm. recession medial rectus both eyes. 
Screen Test: esotropia 20~. 
No diplopia. : 3 
Second Operation.—Marginal myotomy medial rectus and 8-mm. resection lateral rectus 
both eyes. 
Screen Test: esotropia 6. 
Normal correspondence, fusion +9° to —5°. 


Case 4, a girl aged 6.—After an attack of otitis media 3 months previously, she suddenly 
turned the left eye inwards, with diplopia. 


Examination : 
Visual Acuity: without glasses: right eye 9/10, left eye 6/10; with glasses: right eye 
(+2 D sph., +1 Dcyl., axis 180°) 9/10, left eye ig 2D sph., +1D cyl., axis 180°) 9/10. 
Screen Test: without glasses: esotropia 65; with glasses: esotropia 504, concomitant 
in all fields of vision. 
Normal correspondence on synoptophore and after-image test, but no range of fusion. 
Operation.—5-mm. recession medial-rectus and 8-mm. resection lateral rectus left eye. 
Screen Test: esotropia 16> both eyes. 
Normal correspondence, but no faioa. 


A year later the esotropia increased to 35“, the state of binocular vision remaining 
the same. 
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In these four siblings late concomitant convergent squint began suddenly, 
in three when 6 years old, and in the fourth more gradually when 9 years old. 
Esotropia began without apparent cause in Cases 2 and 3, while riding on a 
merry-go-round in Case 1, and after otitis media in Case 4. All showed 
spontaneous diplopia from the onset of the affection; esotropia was marked— 
over 504 in all of them—and was characterized by variability of the angle of 
deviation. Visual acuity was good. In Case 2, visual acuity in the squinting 
eye was only 1/10, but this was rapidly improved by occlusion of the fixing 
eye. Cases 2 and 4 showed medium hypermetropia, and Cases 1 and 2 a 
moderate anisometropia. Retinal correspondence was normal in all four, 
but there was no range of fusion. All the patients had been operated on in 
other clinics. In three a residual esotropia persisted, which will require 
further surgery; and Case 3 was cured after two operations. 

The age at onset is remarkable in these cases, since the late onset of a non- 
paralytic convergent squint is rare. Our cases should be included under 
Type 2 (described by Franceschetti and Bischler, 1948); they are not myopes 
as in Type 1 (Bielschowsky, 1922), nor was the onset caused by ocular oc- 
clusion as in Type 3 (Swan, 1947). 


Heredity.—It should not be overlooked that the four patients are siblings, 
all with a similar strabismus, occurring at about the same age, with similar 
characteristics as regards vision, refraction, degree of esotropia, and retinal 
correspondence; this, together with the fact that the father shows an esotropia 
of 8* with intermittent spontaneous diplopia, suggests that the condition 
is hereditary. 

Many authors state that heredity plays an important role in the genesis of 
strabismus. Béhm (1845) drew attention to the frequent presence of squints 
in members of the same family. The coincidence of squints among siblings 
is too frequent to be disregarded: Pugh (1934, 1936) speaks of an “‘ imitative 
squint”; Parinaud (1899) quotes a family of ten squinting children; Harms 
(1938) mentions four, and Lagleyze (1913) six siblings with divergent squint, 
a type in which the hereditary factor has been less frequently mentioned; 
Worth (1929) found that 51 per cent. of patients with convergent squints 
had family antecedents with a similar condition, Cords (1930) 10 per 
cent., and Darr (1945) 50 per cent. Keiner (1951) states that heredity plays 
an important role in 50 per cent. of squints appearing during the first year of 
life, and may also affect squints of later onset. Schlossman and Priestley 
(1952) reported that 47 per cent. of 158 cases came from families with a 
history of strabismus. Czellitzer (1922) found strabismus among siblings in 
15 per cent. of 365 cases compared with 1 to 2 per cent. in the population as 
a whole. Heredity is thus undoubtedly important, but as Harms (1938) has 
said, the aetiological factors in strabismus are so numerous that frequency 
and importance of each of them needs to be determined. 
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Restricting ourselves to Malbran’s classification of the pathogenesis of 
squint, we find that there are both general and ocular aetiological factors 
which may be inherited: 


(1) General.—These include neurological and psychiatric troubles. Javal (1896) 
insists on the frequency of neuropsychiatric affections within families, and other 
authors have stated that strabismus may co-exist with mental deficiency, idiocy, or 
other degenerative processes (Poulard, 1923). Pugh (1934, 1936), dealing with 
“ imitative squints ’, found 28 per cent. of difficult children and 29 per cent. of 
psychopaths and neurological patients. 

(2) Ocular.—First among the “ motor alterations ” are anomalies of the position 
of rest. Troubles of the ‘‘ mechanism of coordination ” comprise mainly weakness 
or absence of fusion. Other factors, in certain cases, include ametropia and 
amblyopia. 


The anomalies of the position of rest are, according to Bielschowsky (1940) 
and Malbran (1953), fundamental in establishing a permanent strabismus. 
Clausen (1922) and Bauer (1922) accept heterophoria, anomalies of refraction, 
fusion defects, and unilateral deficient visual acuity as inheritable factors; 
this opinion was also held by Lagleyze (1913) and von Graefe (1854, 1857). 
Harms (1938) considers that heterophoria and weakness of fusion (not ex- 
cluding amblyopia) are apt to be inherited. Waardenburg (1954), studying 
heredity in strabismus, states that what is dominantly inherited is the anomaly 
of the position of rest (heterophoria), and that the true squint (heterotropia) 
is usually due solely to that anomaly, to which may be added certain pre- 
disposing secondary factors, such as hypermetropia and fusion defects. 

Harms (1938) thinks that amblyopia is not hereditary, since it is not always 
constant in families or even in twins with strabismus. Waardenburg (1954) 
states that there is no evidence that amblyopia is inherited together with 
strabismus, and that amblyopia is not responsible for strabismus, since it may 
be prevented by the early treatment of the squint; he therefore concludes that 
sensorial alterations are always secondary to the squint. Finally, Weekers, 
Daenen, and Hacourt (1955) affirm that amblyopia is a complication of 
ametropia, or of strabismus, that it is only exceptionally genetic in origin, 
and that, though it may be acquired, it can be eliminated by re-education, 
even in squint of early onset. De Jaeger (1955) says that, although it has 
been proved that heredity plays an important part in the pathogenesis of 
squint, the same cannot be said of its cure, particularly in respect of amblyopia, 
since no difference is seen in the improvement of vision by re-education 
between inherited squints and those in which no factor of heredity is present. 

On the other hand, Strazzi (1950), basing his conclusions on the study of 
two families, believes that amblyopia is often the cause and not the conse- 
quence of strabismus, through an inherited incapacity of the brain to receive 
impressions of images from one eye. Commenting upon this work, Burian 
(1950) states that Strazzi’s idea should not be discarded, although it is not in 
accordance with the generally accepted theory. 
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Various authors also differ regarding the form in which strabismus may be 
inherited. Czellitzer (1922), tracing the genealogical trees of certain cases, 
proved the recessive character of the hereditary factors which influence the 
appearance of squint. Harms (1938) thought the origin of strabismus 
depended on an hereditary, polymerous, recessive complex. Schlossman 
and Priestley (1952) supported the recessive character of the heredity factor. 
Franceschetti (1954) accepted that strabismus was inherited preferentially in 
dominant form, but noted that divergent squints were inherited independently 
of refractive error, whereas in convergent squints hypermetropia was nearly 
always present. Waardenburg (1954) stated that the heredity factor was not 
regularly dominant because of a lack of penetrance of the genes; the motor 
factor was the main one in heredity, while other factors such as hypermetropia, 
although frequent and often acting as predisposing causes, were due to 
accessory genes. 

We consider that heredity plays an important part in the genesis of strabis- 
mus, since our four siblings were all affected with a similar squint in similar 
conditions. 

In considering the various aetiological factors which (in our cases at least) 
may have been inherited, the “imitative” factor should be remembered. 
This may correspond with an anomaly of the position of rest (since the 
existence of esophoria was proven in the father) and with weakness of fusion. 
Our cases all had normal correspondence, although their range of fusion was 
small or nil, just like their father who, with only slight esophoria, showed 
spontaneous diplopia in certain instances. Only one of the four showed 
amblyopia and this was soon overcome by occlusion. It appears to us that 
amblyopia is always an acquired factor, a consequence of strabismus, and 
that heredity plays no part in its development. 

The small clinical differences between our four cases may be explained as 
individual variations within the main genotype. 


Aetiology.—In the pathogenesis of non-paralytic concomitant squint of 
late onset, the main factors are an anomaly of the position of rest (pre- 
existing esophoria), with weakness or lack of fusion. To these funda- 
mental factors must be added various secondary provocative factors. 

Thus, in Type 1 (Bielschowsky), physical and psychical shock appear to act 
as the cause of onset. In Type 3 (Swan), the cause of onset is occlusion, 
since it interrupts fusion. In Swan’s cases, hypermetropia was constant, but 
we believe with him that this is not an indispensable factor; hypermetropia 
was also absent in several of the cases described by Norbis (1953). 

In Type 2 (Franceschetti and Bischler) the fundamental pathogenic factors 
are the same. Franceschetti (1952) explains the establishment of esotropia 
by the progressive reduction of fusion or by a shock to the divergence centre. 

Meunier (1952) states that the pre-existing esophoria may be caused by a 
defect of the divergence centre, a reduction in fusion capacity, a transitory 
muscular paresis, or a spasm of convergence; he could not establish the cause 
of onset in the case he studied. 
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Pre-existing esophoria is accepted by the majority of authors; it remains to 
decide whether this is due to an anomaly in the mechanical position of rest 
(Bielschowsky, 1940; Malbran, 1953); to an innervational object similar to 
the hyperkinesia of the convergence centre described by Adler (1945) and, 
therefore, of supranuclear origin; or to an anomaly of the harmonic reflex 
(anomaly of dissociated position). We must also include the hypothesis of 
Piper (1948), that it is due to liberation of the subcortical centres from the 
inhibition that governs separately the relative positions of the eyes. 

Hypermetropia (although an accessory factor in certain cases, as in those 
described by Swan) generally has no part in the other clinical types, since the 
patients are either myopic, emmetropic, or slightly hypermetropic. 

Another point on which the majority of authors agree, and one that we have 
been able to verify, is the existence of an escape reaction with its starting point 
in the fusion centre to avoid diplopia (the diplopia-phobia of Van der Hoeve, 
1932). ? 


Onset.—In considering the cause of onset, we may quote the words of 
Malbran (1953): 

The majority of squints result from a mixed mechanism: although fundamentally 
a motor mechanism, the sensorial troubles and those of the coordinating apparatus 
are important, though only exceptionally sufficient by themselves to carry the eye to 
a permanent squinting position. 

Treatment.—Franceschetti and Moutinho (1951) and Meunier (1952) 
recommend orthoptic treatment, followed by anaesthesia of the medial rectus, 
and surgery. They advise proportionally less surgery in relation to the 
magnitude of the angle. Our four cases had already been operated on by 
other surgeons; Case 3 was cured by two further operations, and the others 
require further surgery. 

Although this type of squint is rare, knowledge of it is necessary not only 
for practical purposes but also for the understanding of the pathogenesis of 
strabismus in general. 

Summary 

The age at onset of concomitant convergent squint is discussed; it rarely 
begins after the Sth or 6th year. The clinical types of convergent squints of 
late onset are listed, and four cases among siblings, in whom the squint ap- 
peared after the Sth year, are reported. 

The importance of heredity in strabismus is examined. The factors most 
likely to be inherited are anomalies of the position of rest and defective fusion; 
these are the most frequently cited in the interpretation of the pathogenesis 
of concomitant esotropia of late onset, and seem to have been responsible for 
the defects in the cases described. 
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BOOK REVIEWS 


Biochemistry of the Eye. By ANTOINETTE PirRIE and RUTH VAN HEYNINGEN. 1956. 
Pp. 323, 36 figs, bibl. Blackwell, Oxford, (35s.). 


It is good to see a book devoted to the biochemistry of the eye, and it is surprising in a 
subject so young and treating of an organ so small that it contains so much, The subject 
matter, indeed, in every one of its 310 pages of text, is so concentrated that reading is no 
easy matter, and close study is required, 

The first section of four chapters deals with the lens. This may seem unusual as a 
start, but more is known of the biochemistry of this tissue and more work has been done 
on it than any other; the authors therefore start with a flourish. The chemical con- 
stitution of the normal. lens is first described—the proteins and their immunological 
properties, amino acids and other organic and inorganic constituents, the transport of 
materials in and out, the little we know of its metabolism and the less we know of it when 
gone astray in cataract. The chapter on senile and experimental cataract is probably 
the best in the book; again the subject is largely unexplored and it is suggested that 
constant early changes are a decrease in glutathione and high-energy phosphate brought 
about by a variety of different metabolic disturbances in the growing cells. The bio- 
chemistry of the cornea is treated more shortly; about its intimate metabolism little is 
known. There follows a discussion of the chemical aspects of vision and the general 
metabolism of the retina. An informative chapter follows on the vitreous, and what 
can best be described as a short note on the aqueous humour. The book ends with a 
chapter on the ocular effects of nutritional deficiencies regarded through biochemical 
rather than clinical spectacles. 

The book is of great value as a full summation of the biochemical work which has been 


done upon the eye, to which, of course, the senior author has made large contributions. 
In its presentation, however, it lacks co-ordination; too many facts are recorded in 


relative isolation to make interesting reading without suggesting at the same time the 
How and the Why and with little attempt at criticism. The book would be immensely 
improved if there were woven into it a more integrated philosophy—perhaps a difficult 


task in a subject still so incomplete. 


Veterinary Ophthalmology. By R.H.SmyTHe. 1956. Pp. 356, 50 figs inc. 15 pl., bibl. 
Bailliére, Tindall and Cox, London. (35s.). 

It is indeed interesting to see a text-book on veterinary ophthalmology. It is generally 
recognized that veterinary medicine has grown by leaps and bounds in the last few de- 
cades and that its educative plans have been completely revolutionized; in this progress 
the study of ocular disease has unfortunately fallen behind, perhaps because the available 
information was scattered and not readily accessible. This book, which should go far 
to remedy the deficiency, is divided into two parts: a detailed study of the anatomy and 
physiology of the eyes of the animals most commonly encountered in veterinary practice 
(mainly the domestic mammals with some reference to birds), and a clinical section dealing 
with diseased conditions. The anatomy is sufficiently complete and well written and 
includes a section on congenital anomalies. The section on physiology, which discusses 
“ animal vision ”, will be found most interesting reading. One or two points, however, 
arise. Few, except Thomson Henderson, would agree with the description of the main- 
tenance of the intra-ocular pressure, and a pecten is present in all birds, including nocturnal 
species (if we admit that the cone-like structure in the eye of the kiwi is a pecten). The 
clinical section, which deals with diseases and injuries of the eye, should be of great value 
to veterinary practitioners and students, and also of unusual interest to ophthalmologists, 


particularly those which have no parallel in human pathology. The interesting thing, 
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however, is that so many conditions are parallel to those found in man, and how many 
respond to the same methods of therapeusis, modified, of course, to suit a patient who is 


less amenable than the average sick human being. 


The Anatomy of the Head and Neck. By B.J. Anson. 1956. Pp. (0f. Saunders, 
London. (45s. 6d.). 


This atlas represents the first section of the “ Atlas of Human Anatomy ” published 
in 1950, In the preface the author states that he had the special needs of the doctor 


in dental practice in mind, but obviously the atlas will be useful to students and 
doctors generally. 


The Peripheral Nervous System. (Le systeme nerveux périphérique). By G. LAzorTHEs. 
1955. Pp. 348, 214 figs. Masson, Paris. (Fr. frs. 4,200; 84s.). 

The author presents the anatomy and physiology of the cranial nerves and the peripheral 
nerves in such a way that this knowledge may be applied clinically. Only a small part of 
the book is of practical interest to the ophthalmologist but the chapters on the optic nerve, 
the motor nerves of the eye, and the trigeminal and the facial nerves are clearly written and 
well illustrated by line diagrams. Each chapter has a brief introduction followed by a 


note on development, and a detailed description of the nerve and its branches. 


Diagnosis and Treatment of Squint. (Diagnose und Therapie des Schielens). By P. A. 
JAENSCH. 1956. Pp. 138, 64 figs, bibl. Enke, Stuttgart. (D.M. 11.40; 19s.). 
This monograph, which forms one of a series of supplements to the Klinische Monats- 


blatter fiir Augenheilkunde, is a sequel to an earlier work by the same author. It outlines 
the problem of squint, and its interpretation and treatment as seen at present in Germany. 


The whole subject is dealt with shortly and comprehensively. The first section deals with 
the anatomy and physiology of the ocular movements the basis of fusion, retinal cor- 
respondence, and kindred problems, The second section passes on to pathology and the 
methods of diagnosing the various ocular disalignments that may arise; heterophoria and 
concomitant strabismus of all types are discussed seriatim, and the final section is on 
conservative (spectacles, orthoptics, etc.) and operative treatment. 


Booxs RECEIVED 


The following books have been received and will be reviewed in Ophthalmic Literature. 


Aportaciones a la oftalmologia. By E. Romero. 1955. Pp. 141, 33 figs. 
Mexico, D. F. 
Documenta Ophthalmologica, vol. 9, Pts 1 and 2. 1955. Junk, The Hague. 


NOTES 


OPHTHALMOLOGICAL SOCIETY OF EGYPT 
The following officers form the Council for the year 1956: 


Dr. Fattouh Mohammad Fattouh President 

Dr. Mohammad Abd El Monim Labib Vice-President 

Dr. Mahmoud Hussein Beiram Treasurer and Archivist 
Dr. Sabri Kamel Secretary 


Dr. Mohammad Tawfik Ismail Assistant Secretary 
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VI ARGENTINE CONGRESS OF OPHTHALMOLOGY 


THe V1 Argentine Congress of Ophthalmology will be held in the city of Mar del Plata, 
Argentina, from April 9 to 14, 1957, under the presidency of Dr. Carlos S, Damel 
(Vice-Presidents: Prof. Paulina Satanovsky and Dr. Nicolas Gonzalez Llanos). 

The official subjects are the Cornea and Vertical Strabismus. 

All correspondence should be sent to Dr. Jorge Balza, Secretary of the VI Argentine 
Congress of Ophthalmology, Post-Office No. 2699, Buenos Aires, Argentina. 


STANDARDIZATION OF TONOMETERS 


Dr. PETER KRONFELD has offered to send to members of the Ophthalmological Society of 
the United Kingdom a free copy of the Decennial Report of the Committee on the 


Standardization of Tonometers. Will any member who wishes to receive a copy please 
write to the Honorary Secretary of the Society, 45 Lincoln’s Inn Fields, London, W.C.2, 


before August 30, 1956. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 
The following officers have been appointed for 1956-57: 


President - - - = Dr. Frederick C. Cordes (San Francisco) 

Vice-President - -  - Dr. Walter S. Atkinson (Watertown, N.Y.) 

Secretary-Treasurer - - Dr. Maynard C. Wheeler (New York) 

Editor - eee - Dr. Gordon M. Bruce (New York) 
HONOURS 


Mr. J. W. Tupor Tuomas was created a knight in the recent Birthday Honours. 


OBITUARY 


HAROLD EDGAR SMITH 


THE death took place at a nursing home in Aberdeen on June 12, 1956, of Dr. Harold 
Edgar Smith, one of the best known ophthalmologists in the North East of Scotland. He 
was 76 years of age. 

Edgar Smith had begun his career with the Foreign Office in view, and prepared himself 
accordingly with an honours degree in classics and a period as private secretary to the 
Marquis of Tullybardine. Thereafter, however, his diplomatic plans were changed, and 
he returned to Aberdeen University to study medicine, graduating M.B., Ch.B. in 1910. 
He became house physician to Professor (later Sir Ashley) Mackintosh. At that time 
the professor of medicine shared a house-man with the senior ophthalmologist. Dr. 
Charles Howard Usher, and the absence of Professor Mackintosh through ill health for 
part of that year, and the inspiration of Usher’s personality and work changed young 
Edgar Smith’s outlook completely, though he retained his love of neurology. At the end 
of his period as Resident he had only one ambition—ophthalmology with Usher after 
post-graduate training from the continental masters. 

This was the beginning of a long and happy partnership. The first world war did not 
part them, for they saw service in the Salonika campaign, and then both returned to 
Aberdeen to private work and hospital duties, Edgar Smith succeeding Usher as chief at 
the children’s Hospital and becoming a part-time lecturer in ophthalmology at the 
university. 
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It was a great grief to his many patients when in 1950 he retired to the bird sanctuary he 
had created with the enthusiastic co-operation of his wife at Culterty, near Newburgh, 
some 12 miles north of Aberdeen. Throughout his long professional life it is doubtful 
if “‘ H.E.S. ” ever made an enemy. He was blessed with an even temperament and it was 
rare to hear him raise his voice even to the most trying patient. He was an excellent 
teacher, never attempting to impart too much knowledge at a time. His hospital notes 
were brief but adequate and written in large exquisite Italian hand-writing that has made 
their reading a joy to the next generation of ophthalmologists. To these younger people 
he endeared himself by his charm of manner and his readiness to advise and help in all 
difficulties. No one ever sought help in vain, but his most outstanding quality was his 
loyalty, and that his colleagues could always count on. One sometimes wondered what 
loss the diplomatic service sustained by his fortuitous entry into ophthalmology. No 
gloomy prognosis given to a patient sounded half so bad when phrased by “‘ H.ES. ” 


In addition to a full professional life Edgar Smith had many cultural interests. Orni- 
thology in Scotland owed much to him, and his Newburgh Bird Sanctuary became a Mecca 
for bird lovers as well as for his many friends. It is sad to recall that during the last few 
years of his life as a semi-invalid he had mainly to be content to view a corner of it from 
the windows of a sick-room. Last autumn he was advised for the sake of his health to 
find a new house away from the sea. The purchase of Culterty by Aberdeen University 
for research by the Department of Natural History comforted him a little at having to 
leave the sanctuary he had built up with such loving care. He remarked lately that to 
leave Culterty would break his heart and indeed it has almost seemed so, as he survived 
the uprooting by only two weeks. His many friends, ophthalmic and otherwise, will ever 
cherish the memory of a singularly selfless and warm-hearted man. He was predeceased 
by his wife some 5 years ago. 


JoHN DEMPSTER FRASER 


Dr. JOHN DEMPSTER FRASER, T.D., died suddenly, on May 21, 1956, while giving 
evidence in court, in his 43rd year. 


Dr. Fraser was a native of Glasgow, and graduated M.B., Ch.B., with Honours at 
that University in 1936. After holding medical and surgical posts at the Western 
Infirmary, he entered ophthalmology as a resident with the late Professor Ballantyne 
in the Tennent Institute, and joined the staff of that department and of the Glasgow 
Eye Infirmary just before the outbreak of war in 1939. As a serving territorial officer, 
he was mobilized as medical officer to the 6th Batallion the Highland Light Infantry, 
in 1939, and in 1940 was posted as ophthalmic specialist to the Military Hospital at 
Hong Kong, where he was a prisoner-of-war from 1941-1945. He was mentioned in 
dispatches for his services in the hospital during this period. 

On his return to Scotland after the war, it is characteristic of the man that he took 
up duty at his hospitals the day after he arrived home. 

In 1949 he became a Fellow of the Royal Faculty of Physicians and Surgeons, and, 
at the time of his death, he was a surgeon in charge of wards at the Glasgow Eye 
Infirmary, and also acted as pathologist. He had recently taken over as surgeon in 
charge of the orthoptic school at the Eye Infirmary, and had joined the British 
Orthoptic Board. 

He was one of these willing and friendly people on whose shoulders secretaryships 
naturally fall. At the time of his death, he was Secretary of the Scottish Ophthalmo- 
logical Club, which is but the last of a series. An able ophthalmologist, and a genuine 
and cheerful colleague, his passing is a severe loss to ophthalmology in Glasgow. 


He is survived by a widow and two young children. 
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COMMUNICATIONS 
RESTING POTENTIAL OF THE LENS* 


BY 
G. S. BRINDLEY 
Physiological Laboratory, University of Cambridge 


_ Tue metabolic activity of the lens has been very extensively studied, and 
- something is known of its internal ionic composition (Lebensohn, 1936; 
_ Langham and Davson, 1949; Harris, Gehrsitz, and Nordquist, 1953) and its 
' permeability to certain ions (Friedenwald, 1930; Langham and Davson, 
1949; Pau and Stiittgen, 1951). But measurements of the difference of 
electrical potential, which might be expected to be present across the mem- 
brane separating its potassium-rich sodium-poor interior from the sodium- 
rich potassium-poor aqueous and vitreous humours, have not hitherto been 
reported. Such a resting potential was noticed by the author accidentally 
during investigations of the electrical activity of the retina, and was found 
’ to have the large value of about 70 mV. Further experiments here reported 
| provide some evidence on the relative permeability to sodium, potassium, 
and chloride of the membrane across which this resting potential appears. 


> 


Methods 


All the experiments were carried out on eyes excised from pithed frogs or from 
tabbits killed by a blow on the back of the neck, or on lenses removed from these 
eyes. The eye or lens was placed in a small unglazed earthenware dish, and a 
glass pipette micro-electrode, filled with 3M potassium chloride solution or 
Ringer’s solution, was lowered on to it with a micromanipulator under direct 
- Observation through a microscope. Electrodes filled with potassium chloride 
_ solution were used for the great majority of experiments. The few which were 
done with Ringer-filled electrodes gave results indistinguishable from those 
obtained with electrodes filled with potassium chloride. 

The unglazed earthenware dish was earthed, and the micro-electrode connected 
directly to the grid of the first amplifying valve of a one-sided direct-coupled pre- 
amplifier. The grid current taken by this first valve never exceeded 5 x 10-11 amps, 
and the electrode resistance, which varied for different electrodes between 2 and 
20 megohms, never altered by more than 1 megohm when the electrode was 
Inserted into or withdrawn from a lens, so that apparent changes in potential due 
to changes in input resistance never exceeded 50 yV. and can be neglected. 

The output from the pre-amplifier was recorded with a cathode-ray oscilloscope 
whose spot was photographed on slowly moving film. The deflecting voltage of 
the cathode ray tube was also made to modulate the frequency of an oscillator 





* Received for publication February 13, 1956. 
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driving a loudspeaker, so that changes in pitch of the note produced indicated 
changes in potential, and made it unnecessary to watch the oscilloscope screen 
whilst manipulating the preparation. The changes in potential when the electrode 
entered or left the lens were measured by comparison of their photographic record 
with that of a calibrating pulse of 64 mV. 


The following solutions were used in experiments on the effects of changing 
the ionic environment of the lens: 


Normal Ringer’s Solution—115 mM NaCl, 2-5 mM KCl, 1-8 mM CaCl, 2-15 mM 
Na,HPO,, 0:85 mM NaH>,POx,. 

NazSO,4 Ringer—Normal Ringer with NaCl replaced by 78 mM Na,SO,. 

25 mEq KCI Ringer.—Normal Ringer with NaCl and KCI replaced by 92-5 mM NaCl, 
25 mM KCI. 

100 mEq KCI Ringer——Normal Ringer with NaCl and KCI replaced by 17-5 mM 
NaCl, 100 mM KCI. 

156 mEq K,SO, Ringer—Normal Ringer with NaCl and KCI replaced by 78 mM 

K,SO,. 


Results 


Frog.—When a frog’s eye was placed with the cornea downwards, a hole 
having been cut in the sclera, choroid, and retina at the posterior pole, and 
the recording electrode was lowered through the hole into the vitreous and 
through the vitreous into the lens, a sudden change in potential was found 
at the instant when the electrode tip was seen to enter the lens. Over a 
hundred observations of this kind were made on 42 eyes. For 37 of the 
eyes the sudden change in potential was between 63 and 88 mV., whatever 
part of the posterior surface of the lens was entered, the inside of the !ens 
being negative as compared with the vitreous humour. The mean of values 
lying within this range was 74 mV. Five eyes gave lower values, all less 
than 45 mV. For two of these the potential difference across the centre of 
the posterior surface of the lens was much lower (0 and 5 mV.) than that 
near the equator (36 and 44 mV.). It is thought likely that the five lenses 
giving very low resting potentials had been mechanically injured during 
dissection. 

While the tip of the electrode was in the vitreous, movement of it never 
caused any change in the potential recorded. After the lens had been 
entered, movements often caused changes in potential, usually of less than 
10 mV. and gradual, but occasionally sudden and once as large as 20 mV. 
The large sudden change of potential on entering the lens often varied a 
little between different points on the posterior surface of the same lens, but 
never, except for the two very low values quoted i in the last paragraph, by 
more than 10 mV. 

When an eye was placed with its anterior surface upwards, a small slit 
having been made in the cornea,‘and an electrode was lowered through the 
slit into the anterior chamber, no change in potential was observed as the 
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electrode passed through the cornea and aqueous humour, but when its tip 
entered the lens, the potential fell suddenly by 79 mV. (average of four eyes). 
The anterior surface of the lens thus appears to have approximately the same 
difference of potential across it as the posterior. 

Several attempts were made to measure the resting potential of lenses 
removed from frogs’ eyes and placed in Ringer’s solution. The first few of 
these gave very low values, between 0 and 40 mV., but it is thought that 
these low values were due to accidental mechanical damage to the lenses, 
since the last two tested, which were dissected out exceptionally carefully, 
gave resting potentials of 55 and 62 mV. 

The frog vitreous humour, which is very fluid, could easily be replaced by 
artificial solutions by injecting these with a pipette through an opening 
made in the sclera, choroid, and retina at the posterior pole. Replacement 
of the vitreous by Ringer’s solution had very little effect on the resting 
potential: in four eyes it decreased by an average of 6 mV. Replacement 
by a solution in which sulphate was substituted for chloride, without change 
in the amounts of sodium and potassium, likewise had little effect. Replace- 
ment by solutions in which potassium was partly or wholly substituted for 
sodium, however, caused a large fall in the resting potential, which was 
partly but never quite completely reversed when the potassium-rich solution 
was again replaced by Ringer’s solution. The results of these experiments 
are shown in Table I. After applying a new solution, the potential attained 
within about 5 minutes a value which changed very little during the following 
20 minutes, and it is these steady values which are shown in Table I. 


TABLE I 





Resting Potential in 
Ringer’s (R) or 
Vitreous (v) before 
applying Test Solution | 


Na2SO4 Ringer -70R 


Resting Potential 
in Ringer’s after 
applying Test Solution 


Resting Potential 


Test Solution in Test Solution 





| -62 ~65 
-BR | -61 % 
| 


-40 
- 64 
- 64 


-42R 
-70R 
-64v 


25 mEq KCI Ringer -80R | 

-74R 
-60R 
-70R 
-83 v 








100 mEq KCI Ringer 





156 mEq K2SO4 
Ringer 
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Rabbit.—The posterior surfaces of the lenses of the six excised eyes of 
three rabbits, tested after extensive excision of the posterior sclera, choroid, 
and retina 5, 14, 9, 15, 7, and 19 minutes after killing the animals, gave resting 
potentials of 69, 63, 68, 66, 72, and 56 mV. respectively. The resting poten- 
tial was remarkably stable in the excised eye; the Figure shows measure- 
ments of it made on one lens during 64 hours after excision. 
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Ficure.—Resting potential of lens. of excised eye of a rabbit, measured during 
64 hours after killing the animal and excising the eye. Between the last two 


measurements the lens was stabbed at about six points with a knife blade, This 
abolished the resting potential. 


The capsule covering the anterior surface of the rabbit’s lens was found 
to be so tough that in all attempts to penetrate it from the front, the tip of 
the electrode broke without entering the lens; but it was possible in two 
experiments to penetrate the anterior capsule from behind with an electrode 
which had passed through the whole thickness of the lens. The potential 
difference across the anterior surface was found to be almost the same as 
across the posterior surface: in one case 5 mV. higher, in the other 2 mV. 
lower. 

The rabbit’s vitreous humour, in contrast to that of the frog, is a stiff gel 
very difficult to remove completely without injury to the lens. Attempts 
to replace it by solutions of different ionic content were inconclusive. In 
two eyes from which the vitreous was very thoroughly removed, the resting 
potential of the lens was found to be less than 5 mV., whatever solution 
was placed in the eye; and if the vitreous were removed less thoroughly, 
there was no certainty that the solutions inserted into the eye came into 
contact with the lens. 
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RESTING POTENTIAL OF THE LENS 


Discussion 

A membrane permeable to one univalent ion and impermeable to all 
others should have a potential difference across it of 58 log [Ai*+]/[Ay*] mV., 
where [A;*+] and [Ag*] are the activities on the two sides of the membrane 
of the ion to which it is permeable. If it is permeable to more than one ion, 
then, provided that the membrane obeys certain conditions, the chief of 
which is that the electric field must be constant through its thickness (Gold- 
man, 1943; Hodgkin and Katz, 1949), the potential difference should be a 
compromise in which the concentration of each ion is weighted with the 
permeability of the membrane to it: 





(Kit }p, + (Naitle,,, + (Clo-lp,, mv 
” 
[Ky*Ip, + [Nao*}py, + (Cliv]e,, 


where P,, Py,, and Pc; are the permeabilities of the membrane to potassium, 
sodium, and chloride. 

Without making any assumptions about the internal composition of the 
frog lens, the data of Table I on the effect of replacing the external sodium 
by potassium indicate that the membrane across which the resting potential 
appears is much more permeable to potassium than to sodium: if it were 
more permeable to sodium than to potassium, the interior of the lens would 
become more negative on replacing the external sodium by potassium. The 
relation of resting potential to the logarithm of the external potassium con- 
centration has between 25 and 156 mEq/litre a gradient not significantly 
different from 58 (though the scatter of experimental values is too large to 
fix it very accurately), and the smaller gradient found at low external potas- 
sium concentration could readily be explained if the permeability to sodium 
were not negligibly small, but equal to roughly one-thirtieth of the per- 
meability to potassium. 

The lack of substantial effect on the resting potential of total replacement 
of the external chloride by sulphate is most simply explained by assuming 
that the membrane across which the resting potential appears is much less 
permeable to chloride than to potassium; though if, as is likely, this mem- 
brane is the cell membrane of the lens fibres, there is the alternative possi- 
bility that the lens capsule of the frog, unlike that of cattle (Pau and Stiittgen, 
1951) is impermeable to chloride and hence shields the lens fibres from the 
applied solution. 

Consideration of the internal and external ionic composition of the 
Mammalian lens (Table Il, overleaf) indicates a similar ratio of potassium to 
sodium permeability to that inferred for the frog lens from the effect of 
replacing the external sodium by potassium. If the rabbit’s vitreous is 
similar to that of the horse, and the permeability to chloride negligibly 
small, the ratio of potassium to sodium permeability required to explain 
the mean observed resting potential is 32 <1 


Membrane potential=58 log 
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TABLE II 
Calculated Membrane | Mean Observed 
Ton Vitreous (horse) Lens (rabbit) | Potential for a Membrane Potential 
mEg/litre mEgq/litre Permeable to One lon (rabbit) 
Only 
Na* ))9* 30 tf +35 mV. 
K+ 4-9* 125 ¢ -82 mV. - 66 mV. 
Gg 117* 13-87 —-54 mV. 
| { 





* Duke-Elder (1930). + Harris and others (1953). + Langham and Davson (1949), corrected by using the data 
of Lebensohn (1936) for the water content of the lens, 


Experiments with radioactive tracers have shown that the rabbit lens is 
not absolutely impermeable to sodium (Langham and Davson, 1949). The 
membrane across which the resting potential appears must therefore be 
continually leaking sodium, and to maintain the lens in a steady state it 
must be capable of re-accumulating sodium against both a concentration 
and a potential gradient. The active re-accumulation must require energy, 
presumably derived from the glycolysis and réspiration of the lens. It 
seems unlikely that this active process could be a function of the non- 
cellular capsule, though in view of the finding by Dische and Ehrlich (1955) 
of glycolytic activity in lens capsules of cattle, this possibility should not be 
altogether disregarded; it could more plausibly be attributed to the cell 
membranes of the lens fibres. 


Possible Contribution of the Lens to the Resting Potential of the Eye.—It 
has long been known (Du Bois-Reymond, 1849) that the whole eye has a 
resting potential, the cornea being about 6 mV. positive to the posterior 
part of the sclera. This resting potential has been generally attributed to 
the retina, and certainly part of it at least is still present when the anterior 
half of the eye has been cut away; but it seems possible from the present 
experiments that differences between the resting potentials of the anterior 
and posterior surfaces of the lens may sometimes contribute to it. 


Use of the Resting Potential as an Index of Changes in Permeability.—In 
human cataractous lenses the potassium content is abnormally low and the 
sodium content abnormally high (Lebensohn, 1936); and similar changes 
are reversibly induced in rabbit lenses by cooling and by calcium deficiency 
(Harris and others, 1953). The electrolyte content of the lens must always 
be determined by the balance between the permeability of its bounding 
membrane to the ions concerned and the active energy-using process or 
processes pumping some at least of them against the gradient both of con- 
centration and of electrical potential. The change found in cataractous 
lenses may be mainly due to an increase in permeability or to a decrease in 
the active pumping processes. If the alteration is in the pumping mechanisms 
only, the resting potential should retain the same relation to the ionic com- 
position that it has in the normal eye: but if the first change is in permeability, 














ata 


he 
be 

it 
on 
BY» 


N- 
35) 


e)) 


5a 
ior 


ior 
ant 
ior 








RESTING POTENTIAL OF THE LENS 391 





and sodium and potassium are differently affected, the resting potential may 
be altered even if a compensatory increase in active pumping at first keeps 
the ionic content constant. Thus in experimental studies of cataract forma- 
tion it is possible that a decrease or increase in the resting potential of the 
Jens, indicating an alteration in the relative permeability to sodium and 
potassium of the capsule or the cell membrane of the lens fibres, might be 
the earliest easily observable change. 


Summary 
The interior of the lens in the frog and rabbit is electrically negative com- 
pared with its surroundings. The mean potential difference found between 
lens and vitreous humour was 74 mY, in the frog and 66 mY. in the rabbit. 
In the frog, the potential difference was diminished by partial replacement 
and converted to a small difference of opposite polarity by complete replace- 
ment of the externa) sodium by potassium. 


The observations are consistent with the hypothesis that the potential 
depends on the difference of ionic content between the two sides of a mem- 


brane about thirty times as permeable to potassium as to sodium. This 
membrane may be either the lens capsule or the cell membranes of the lens 
fibres. 


This work was supported by a grant from the Medical Research Council towards the 
cost of apparatus. 
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occurs at the cornea. 


PROBLEMS OF PERIPHERAL VISION* 


BY 
R. A. WEALE 


THE RETINAL IMAGE 


70° 


Fic. 1 (a).—Section through anterior part of human eyeball, 
showing that the maximum angle of incidence of a 
visually effective ray of light on the cornea is about 70° 
from the perpendicular. 





M.R.C. Group for Research in the Physiology i Vision, Institute of Ophthalmology, Judd Street 
London. 


THE FIRST points to be considered in a study of peripheral vision are whether 
light can reach the periphery at all; and, if so, whether it suffers any loss of 
intensity as compared with the light reaching the fovea, and also whether 
the dioptric system is capable of producing a good image with the light which 
reaches the periphery. The reduction in intensity due to light-absorption in 
the media, which may be suffered by a ray of light striking the anterior pole 
of the lens, is roughly independent of the direction of passage when the pupil 
is not dilated. But the effective area of the pupil, acting as a stop in peripheral, 
as in foveal, vision, depends on obliquity. The first loss of intensity, however, 
Does it vary appreciably with the perimetric angle? 


When a ray of light 
strikes the cornea, the 
finite size of even a 
dilated pupil limits the 
visually effective angle 
of incidence at the 
cornea to 70° (Fig. 1a). 
Larger angles can, of 
course, be formed by 
the ray and the visual 
axis; but, in order to 
be visually effective, 
the ray will have to 
enter at a point other 
than the corneal pole. 
Hence, it generally 
forms an angle of less 





* Received for publication January 27, 1956 
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than 70° with the perpendicular to the cornea. The bearing of this fact on the 
intensity of the ray transmitted by the cornea to peripheral regions is shown in 
Fig. 1 (6). To calculate the loss of intensity due to reflection at the corneal 
surface, the cornea was assumed to be a homogeneous, isotropic medium 
(n=1-36). An application of Fresnel’s equations for various angles of inci- 
dence yielded the curve shown by the dotted line. At the limiting angle of 
incidence of 70°, a trans- 

mitted ray of light has 

100) @---@---..... 6--.2 to lost only 15. per cent. of 

4 eo ° its intensity as compared 
® \ with 2 per cent. at the 
normal angle of incidence. 
The curvature of the 
cornea reduces the value 
of 15 per cent., which 
applies either to a plane 
surface or an _ infinitely 
narrow beam. It follows 
that the corneal reflection 
factor hardly effects a 
difference in the intensity 
of light beams directed at 
the fovea or periphery, 

respectively. 
oo The pupil is the first 


re) major structure affecting 
ANGLE OF es siatece (°) e ri ‘das Scceteanes “aaa 
Fic. 1 (6).—Angular variation of transmission. the shape of the retinal 
image. Using pupillo- 
graphy, Spring and Stiles (1948) and Sloan (1950) accurately determined the 
relationship between the apparent pupil area A, and the obliquity of viewing 
it. A knowledge of this relationship is important because of its effect on 
visual threshold measurements in the periphery (vide infra). The principal 
component to vary is the horizontal pupil diameter d. This has often been 
assumed to provide a limiting factor to the extent of the temporal visual 
field f, Now the photographs in Spring and Stiles’s paper give a finite value 
for d at 100° * and a slight extrapolation of their graph shows that d would 
not be zero even at 104°. This, however, is the value of f quoted by Hartridge 
(1952); Renne (1915), on the other hand, gives a value of 107°. Since this 
value was obtained with a test field subtending at the eye an angle of 9°, the 
former value is more acceptable. Even so, a possible solution of the problem 
as to which factor determines the limit to the visual field is not to be looked 
for in an experiment in which the eye is illuminated externally. 
From the point of view of vision, one wants to be certain that the whole 
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of the area as shown in Spring and Stiles’s and also Sloan’s photographs 
actually transmits light to the retina. Fincham (1954) suggested that trans- 
illumination of the sclera might help in this matter. It is found that, on 
trans-illuminating a fair person’s sclera in the dark, the pupil glows with a 
characteristic red light, which disappears at a viewing angle of about 104°. 
But if faint illumination is provided externally along the subject’s visual axis, 
the space between the distal side of the red glow and the coloured iris is 
found to be occupied at as small an angle as 45° by a black strip. This is 
presumably the inside edge of the iris. The effective pupil size, A, for peri- 
pheral vision is consequently smaller than pupillography would suggest. A 
precise re-determination of A, in which the external and internal pupillary 
edges are distinguished from each other, remains to be made if such visual 
functions as peripheral thresholds are to receive adequate interpretations. 

The other functions of the pupil, namely its control of the distribution of 
light in the retinal diffraction pattern, and its effect on dioptric aberrations, 
also vary with the perimetric angle. To take the latter first: at about 70°, 
the horizontal diameter is so much narrower than the vertical that the dif- 
ference affects the depth of focus of a measuring ophthalmoscope. As the 
eccentricity increases, the pupil becomes more and more slit-like; perhaps 
when we look out of the corners of our eyes, we obtain a glimpse of feline 
vision. 

No one has ever seen a diffraction pattern on a human fundus, but there 
is little doubt that a point-source will give rise to the usual Airy disc (Fig. 2a) 
at or near the optic axis. The appearance of this pattern in the periphery is 
greatly complicated by refractive and other factors. 

Nonetheless, the effect of the obliquity of. the pupil can be isolated by 
means of a model (Weale, 1955a). When a circular aperture, with suitably 
bevelled edges, is rotated about a vertical axis, the circular pattern changes 
to an elliptic one (Fig. 2b). It is interesting to note that the size of the pattern 
is actually reduced as compared with the “normal”. At a critical angle, 
which increases with the aperture of the lens system employed, the ellipses 
change to a system of hyperbolas (Fig. 2c) On further rotating the pupil— 
it has by now become slit-like—the pattern spreads horizontally (Fig. 2d) till 
a cut-off occurs. 
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Fic. 2.—Diffraction pattern due to a point source, and its variation with the angle of incidence 
on the aperture. 


A similar variation of the diffraction pattern on the retina must be 
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envisaged. However, even if there were no complicating factors, the more 
dramatic changes would not occur except at great eccentricities, as a con- 
sideration of the aperture of the eye will show. These patterns will reduce 
only the precision with which an external object is imaged in the periphery. 
There visual acuity is so poor that it matters little whether a point source of 
light appears as a circular pattern, as a star, or as a streak. The spreading 
of the pattern, may, however, affect threshold measurements, a point to be 
considered below. 

The effects of the properties of the lens on vision in the periphery can be 
subdivided into those which appear at relatively small perimetric angles, and 
others which appear only near the limit of the temporal visual field. 

Ferree and Rand (1932) have shown on several eyes that a stigmatic image 
is produced on the retina only within a circle of angular radius 10°. Beyond 
this angle, even emmetropic eyes can exhibit marked irregularities, the most 
characteristic feature of which is a vertical positive astigmatism. The curva- 
ture of the eye-balls had a varied effect on these measurements, and no 
generalization is possible. Obviously one wonders whether refractive errors 
impede vision in the periphery to a measurable extent. Dobree and Weale 
(1954) measured the visual acuity at 55° and 70°, and found that the un- 
practised eye does not benefit much by a refractive correction. This result 
suggests that it is the retinal mosaic which limits the peripheral resolving 
power of the eye. Of the less important lenticular effects on peripheral 
vision, two will be mentioned. When the lens accommodates, the con- 
comitant change in shape alters the shape of the over-lying iris, which leads 
to a slight increase of the visual field (Le Grand, 1946). In young dilated 
pupils, the anterior part of the lens actually protrudes through the pupil; 
this also leads to an increase of the field much as the curvature of the cornea 
enables us to see “round the corner”. These effects are, however, counter- 
acted in part by the angular variation of the reflection factor at the aqueous- 
lens surface (Fig. 1b, curve shown by a broken line). The greater the curva- 
ture of the lens, the smaller is the eccentricity at which light can strike the 
lens at a glancing angle and be transmitted to the retina. 

A related phenomenon, namely internal reflection of light between the 
onion-like layers of the lens, renders any ophthalmoscopic examination of 
the extreme periphery impossible, and may further impede the imaging of 
objects in the periphery when the pupil is dilated, e.g. in the dark. 

We are next faced with the question whether the retinal periphery can 
utilize the information which reaches it, or whether the visual acuity is so poor 
that the periphery can only signal the presence or absence of light. 

The literature shows some confusion regarding the meaning of visual 
acuity. Thus Renne (1915), whose work is still being hailed as “rarely 
surpassed in this sphere in its thoroughness”, but of which it may more truly 
be said that “the modern touches here and there preserve it from the charge 
of nothingness”, measured the perimetric angles at which stimuli of different 
sizes disappeared. He ignored the variation of light reaching the eye which 
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his method entailed, and his results (Fig. 3) can have only a limited applica- 
tion: an object subtending at the eye an angle of 27” was visible only at the 
fixation point. If this were generally true, Jessica’s Lorenzo could never 
have called the star-lit sky “thick inlaid with patines of bright gold”. Only 
one star or binary would be visible at any one moment. Rgnne’s claim to 
have measured a function of the visual acuity is largely based on the similarity 
between his results and those of Wertheim (1894). These still represent a 
classic of peripheral measurement and confirmatory work is not likely to find 
them seriously at fault. More recently, Mandelbaum and Sloan (1947) have 
measured visual acuity at various luminance levels. They covered the peri- 
phery up to an eccentricity of 30°. At a luminance level of 2 x 10-2uL, the 
visual acuity was maximal at about 16° from the direction of fixation; at 
0-4 wL the foveal centre could resolve only a grating as coarse as could be 
done at 30°. The shape of the curve relating visual acuity and eccentricity 
suggests that, at low luminance levels, visual acuity, is mediated primarily by 
the rods. 
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Fic. 3.—Regional variation of visual acuity. 


This finding, coupled with the observation of Aguilar and Stiles (1954) 
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that the rod mechanism is “saturated” at and above a luminance level of 
200 ftL, throws some interesting light on the theoretical treatment of Wer- 
theim’s data by Doesschate, who assumed that peripheral visual acuity can 
perhaps be correlated with cone density, much as can be done with the 
resolving power of the fovea (cf. Ludvigh, 1941). In order to test this view 
he plotted both Wertheim’s data and the cone counts of Osterberg (1935) 
for different retinal locations on the same scale, and equated their respective 
maxima. The divergences between the two sets of data increases with the 
perimetric angle: visual acuity decreases more rapidly than does cone density. 
Doesschate (1946) suggests that this may well be expected, because the 
total number of cones in the retina, 7 x 10° (cf. Duke-Elder, 1938), feed their 
messages into nerve fibres only one-ninth as numerous. If the rods are also 
considered (7-5 x 107), it becomes clear that, in the periphery, many end 
organs are connected to a single fibre. Ten Doesschate concludes that the 
cerebral resolving power must depend on the number of fibres rather than 
on the number of cones, and a calculation based on the discrepancy between 
Wertheim’s and Osterberg’s data yields a number of retinal percipient units 
commensurate with the observed number of optic nerve fibres. 

This agreement is impressive, but may be due, in part, to a coincidence. 
Wertheim does not state the luminance level at which he made his measure- 
ments, but the optical system he employed makes it unlikely that the level 
was above 200 ftL. Although the levels below this may be called “‘photopic’’, 
the rods participate in the visual process, and it is, therefore, uncertain to 
what extent the Osterberg curve used by Doesschate may have to be 
altered to allow for the number of active rods. In the second place, Wer- 
theim’s method of measuring visual acuity was “all-or-none”’, each of his 
points representing the mean of 24 observations; nonetheless, a statistical 
method would probably yield higher values, when the discrepancy between 
classical and statistical thresholds would increase with eccentricity. Only 
when the so-called ‘“‘mesopic” luminance state, in which both rods and cones 
are stimulated, has been fully investigated will a clearer answer to the problem 
raised by Ten Doesschate be obtainable. 


SENSITIVITY 


The term sensitivity will be deemed to have its orthodox meaning, namely, 
the reciprocal of that light energy for which the visual response is a constant, 
other factors being varied. This emphasis is necessary because in several 
papers published since 1945 the spectral variation of any one visual pheno- 
menon faintly reminiscent of some standard sensitivity curve has been 
identified with it, although no energy measurement has been made. 

(a) The Dark-Adapted Eye.—The best-known visual property of the dark- 
adapted retinal periphery is its considerable sensitivity to light; it is about a 
thousand times more sensitive than the dark-adapted fovea (Hecht, Haig, and 
Wald, 1935). Arden and Weale (1954) have shown that this factor is due 
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to differences, not so much in the concentrations of light-sensitive pigments 
in the rods and cones as is commonly assumed (Wald, 1954), but in the 
respective summating ability of foveal and extra-foveal regions. The curves 
in Section C of Fig. 4 (opposite) represent orthodox dark-adaptation curves 
as measured extrafoveally (8°) with a white test-field subtending at the eye 
an angle of 7°. 

When similar measurements were made with a minute test-field, the curves 
in Section A were obtained. The results when the small field measurements 
were repeated in the central fovea, are shown by the curves in Section B. 


Two points of interest emerge: 


(i) The later branches in A and C, usually associated with an increase in rod- 
sensitivity in general and re-accumulation of the bleached visual pigment in 
particular, cannot be superimposed. But the reverse would be expected to be 
the case, if the phenomenon were due only to photo-chemical changes. Arden 
and Weale explain their finding by postulating an“increase in the size of the 
receptive field during dark-adaptation. 

(ii) The second and more surprising point is that after about 20 minutes, the 
curves in Sections A and B, measured for the para-fovea and central fovea respec- 
tively, show approximately equal sensitivities. This finding confirms others 
pointing in the same direction (Stiles and Crawford, 1937; Craik and Vernon, 
1941; Baumgardt, 1949), and suggests that the hypothetical difference between 
the visual pigment concentrations in the rods and cones cannot be the only factor 
responsible for the difference observed when foveal and peripheral thresholds are 
measured with large fields (Weale, 1955b). 


The enhanced summating power of extra-foveal regions helps to ensure 
that the image of even a minute source of light, diffused over a bigger area 
owing to the physical factors enumerated above, may elicit a visual response. 

When the sensitivity of the dark-adapted eye was measured at various 
perimetric angles with white light, the results shown in Fig. 5s (overleaf) were 
obtained (after Stiles and Crawford, 1937). These data refer to a nearly 
horizontal meridian in the temporal visual field, so chosen as to avoid the 
blind spot. A belt of high sensitivity surrounds the fovea and rises to a 
maximum at about 15° from the fixation area, Doesschate (1949) has 
shown that the regional variation of the absolute threshold correlates fairly 
well with the rod distribution as found by Osterberg (1935). The correlation 
is not perfect (Fig. 5a, B), even though allowance has been made for the 
effective pupil area, but it is good enough to carry conviction. A similar 
result was obtained by Sloan (1950). These data lead to the conclusion that 
the regional variation of the absolute sensitivity of the-dark-adapted human 
eye is fully accounted for by the regional variation in the rod density; there 
is, therefore, no need to assume a regional variation in the density of the 
rod visual pigment. 

This view has recently been confirmed by the work of Campbell and 
Rushton (1955) in which relative density changes due to the bleaching of a 


living human eye were determined at various perimetric angles. Although 
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Fic. 4.—Dark-adaptation curves. (By courtesy of the 
editors of the Journal of Physiology.) 
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the recovery curve of the bleached pigment shown by the authors is bipartite 
(the possible contribution to the overall bleaching made by extra-foveal cones 


being ignored), it is certain that the bleaching of mainly visual purple is 
responsible for the observed effect. Campbell and Rushton’s results (Fig. 
5a) shows unequivocally that there is a close topographical parallel between 
rod population, absolute thresholds, and changes in pigment density. 


100 








re) 
) 


AODS 
(thousands per mm?) 
6. oO 








9° 


\Oo9o 





SENSITIVITY 
(per cent. ) 





‘e) 





[ Ce) 60 49 20 40 60 80 
NASAL DEGREES TEMPORAL 
Fic. 5 (A).—Correlation between regional variation of rod density (full line) and relative 


pigment density (dots). 
(By courtesy of Campbe)l and Rushton (1955) and the editors of the Journal of Physiology.) 


Fic. 5 (8).—Regional variation of sensitivity of the dark-adapted eye (two observers). 


(b) The Light-Adapted Eye —As the level of adaptation of the eye is raised 
the threshold increases (Crawford, 1947) till, at relatively high luminance 
levels, the fovea becomes more sensitive than the periphery. The reversal of 
the relative positions of these retina) parts on the sensitivity scale is usually 
explained by postulating the cessation of rod-activity at photopic luminance 
levels. The superior foveal sensitivity might thus be due either to a greater 
cone density or to a greater cone-pigment density: the foveal cones are about 
three times as fong as those in the periphery (Polyak, 1941), a factor which 
might partly account for the observed difference (vide infra). 

Now Aguilar and Stiles (1954) have shown on four experienced observers 
(Fig. 6, overleaf) that the rods contribute to the visual process at levels 
usually called “photopic”. The upper luminance arresting their activity is 
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at 200 ftL, the retinal region under test being 8° from the fovea. Oikawa 
and Kurosawa (1954a, b) put it at about { ftL in the same retinal region, but 
at about 20 ftL when the eccentricity is 50°. Again, according to Sloan (1950), 


rod and cone thresholds are approximately equal at 1 ftL. It is, therefore, 
doubtful whether the more rapidly decreasing sensitivity of the peripheral 
regions, as due to light-adaptation, can be ascribed primarily to a failure 
in the rod-mechanism, rather than to its saturation. 

The regional variation of the sensitivity of the light-adapted eye does not 
seem to have been measured. An estimate of this function can, however, 


be made by using Weale’s spectral sensitivity data (1951b; 1953a). The 
Xr 


1y as 
values of rand J the mean sensitivity for an equal-energy stimulus, are 
Am 
plotted for various perimetric angles in Fig. 5(c). Data were obtained at 
two luminance levels, the relative positioning of foveal and peripheral curves 
being established by brightness matches between foveal and peripheral 
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Fic. 5(c).—Correlation between regional variation of cone density and sensitivity of the light- 
) adapted eye. 
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Fic. 6.—Mean results for four subjects showing 


variation in increment threshold with field 
intensity. The ordinate values of Curves A, B, 


and C have been displaced to facilitate com- 
parison. Curve D is in its correct position. 
Section (c) indicates field range of rod-saturation; 
Section (d) is probably due to intervention of 
cone-mechanisms. 
(By courtesy of Aguilar and Stiles (1954) and the 
editors of Optica Acta.) 
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stimuli (A=589 my). The average of the data of Stiles and Crawford (1933a), 
measured at an even higher luminance level. at 0° and 5°, is also shown. 
No significant change results from plotting the data for an equal-quantum 
spectrum. All three curves are corrected at 0° for light absorption by the 
macular filter (Wald, 1949). Nocorrection for the effective pupillary diameter 
was applied to Weale’s data, since his optical system involved focusing a 
narrow slit-image in the plane of the observer’s pupil, and the beam was thus 
not cut off. Since the retinal direction effect (Stiles and Crawford, 1933b) 
is negligible in extra-foveal regions, no correction need be applied for the 
precise point of focus in the observer’s pupil. It is possible to make a com- 
parison similar to Doesschate’s but using Osterberg’s cone counts (Fig. 5c). 
When corrections are applied for differences in the counts as between the 
nasal and temporal retina respectively and also for the types of test-field 
employed, an approximate correlation is obtained between the data for a 
luminance level of 70 ftL and the cone-density in various regional parts. 
The discrepancy occurring at 10-15° may be ascribed to the contribution to 
vision still made by the rods; Fig. 5(A) shows that they are particularly 
numerous in this region. Since the aforementioned difference between the 
foveal and extra-foveal cone dimensions is inadequate to account for the 
observed regional variation in sensitivity, greater weight may be given to 
the variation in cone density. 
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As with the rods, the correlation suggests that the concentration of cone 
pigments does not vary much across the retina. But such an argument 
should not be pressed, since no account has been taken of the different 
types of cone or pigment demanded by explanations of the various phenomena 
of colour vision. A confirmation and extension of the above results to higher 
luminance levels and more perimetric angles is certainly desirable. 


(c) Spectral Sensitivity Curves—The work of various authors published 
during the last 20 years suggests that the light-adaptation of the fovea has a 
measurable effect on the shape of the foveal spectral sensitivity curve. Thus, 
when there is a zero surround (cf. Wright, 1946; Wald, 1945; Thomson, 1951), 
the curve tends to be relatively lower at short wavelengths than when there 
is a white background or surround (Stiles and Crawford, 1933a; Weale, 
1951b; but see also Stiles, 1946; Hurvich and Jameson, 1953). That chromatic 
adaptation (Jameson and Hurvich, 1953) should produce a difference is not 
surprising, but these foveal effects are dwarfed by the effects of adaptation 
to a surround on extra-foveal spectral sensitivity curves. The situation is 
much more complicated than would appear on the basis of the classical 
theory of duplicity. 

If due allowance be made for pre-retinal absorption, the sensitivity of the 
fully dark-adapted eye to a spectrum of equal quantum intensity is greatest 
at about 500 mp and can be fully accounted for in terms of visual pigment 
497 (visual purple, cf. Crescitelli and Dartnall, 1953). What of the periphery 
which is not dark-adapted? Walters and Wright (1943), measuring the 
spectral sensitivity curve at an eccentricity of 10° for a number of luminance 
levels (of the test-field) with zero surround, found that the spectral sensitivity 
maximum moved from about 500 my at the lowest level to 540 mp at the 
highest. It was impossible to obtain a curve agreeing with the foveal one 
(max. 555 my). The usual energy limitations at the short wavelength end 
of the spectrum restricted their measurements to wavelengths longer than 
480 my. 

The curve obtained by Wald (1945) at 6° from the fovea is in substantial 
agreement with the data of Walters and Wright. 

The first intimation that light-adaptation of large extra-foveal regions can 
provide information about retinal activity other than that gained from foveal 
and “scotopic” peripheral spectral sensitivity curves was given by Stiles and 
Crawford (1933a). These authors, examining both the central fovea and an 
extra-foveal region at 5° at a level of adaptation of 300 c/sq.m (white sur- 
round), made three interesting observations: 


(i) Both the foveal and the extra-foveal curves were tripartite, showing humps 
and shoulders in the violet, green, and orange ranges of the spectrum; 
(ii) The “violet” hump was relatively more pronounced in the extra-foveal 
curves ; 
(iii) The extra-foveal visibility was generally lower than the foveal. 
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Recent work has confirmed the suggestion of Stiles (1949) that adaptation 
to white light has a less marked effect on the short wavelength mechanism 
characterized by the “violet” hump, than on the others contributing to the 
spectral sensitivity of the light-adapted eye. For a reason still awaiting 
elucidation, this applies with greater force to the periphery than to the fovea. 

The work of Stiles and Crawford has been extended by the present writer 
(Weale, 1951b, 1953a) to an eccentricity of 70°. This seems to confirm the 
view that white light depresses the sensitivity of the eye to light of long wave- 
lengths more than the sensitivity to short wavelength radiations. The light- 
adapted periphery was also shown to be relatively much more sensitive to 
light of short wavelengths than is the fovea. These findings have recently 
been confirmed by Auerbach and Wald (1954) and by Moreland (1955). 
Wald (1951) previously measured foveal and extra-foveal “‘cone”’ sensitivities, 
at ten wavelengths evenly distributed between 360 and 750 mp, and the 
observed difference between the two sets of data was ascribed to the absence 
of macular pigment from the extra-foveal position at 6°. Now Weale (1953a) 
observed that, when the retinal periphery is stimulated with blue light which 
is surrounded by a white field and the latter is suddenly extinguished, the 
sensation due to the blue light begins to fade at once. Other spectral regions 
did not produce this effect. This suggests that the short wavelength 
mechanism rapidly adapts. Auerbach and Wald (1954), measuring the rate 
of dark-adaptation of the strongly light-adapted periphery (5 x 105 mL at 6°), 
found a more rapid initial rate of dark-adaptation at A=436 my than at any 
other of the wavelengths tested. The spectral sensitivity curve given by 
these authors for an eye which has been dark-adapting for one minute is 
greatest at 436 mp. Since they could obtain an almost orthodox “cone” 
curve by pre-adapting the eye to blue light, they conclude that the maximum 
at 436 mp must be due to a “violet” cone. The light-absorption by the 
macular pigment is thus only partly responsible for the difference between 
foveal and extra-foveal curves. 

Although thorough light-adaptation has brought to light facts about 
peripheral sensitivity mechanisms which the propounders of the duplicity 
theory could hardly have envisaged, these are, from a theoretical point of 
view, a mixed blessing: Consider the case of a surround. To what extent 
is its effect due to nervous influence of one retinal region on another, or the 
action of scattered light? Le Grand (1937) has shown that, at close range, the 
latter effect predominates over the former, but at large distances from a 
retinal image it is easier to account for the effects he observed by postulating 
trans-retinal neural activity. Since surrounds are usually so arranged as to 
be close to the test-stimulus (cf. Lythgoe, 1940), the physical effect would at 
first sight be expected to operate. If this be so, why do many authors 
emphasize the fact that their adapting surrounds or fields are large? This 
surely suggests that it is the adapting parts more remote from the test-field 
which produce the phenomena observed under conditions of thorough light- 
adaptation. Nonetheless, the more proximate parts will affect the picture, 
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if only by veiling glare sources. Indeed, this factor is considered to play an 
important role in spectral sensitivity curves, measured electro-retinographi- 
cally, and will be referred to again in a later section. Meanwhile, it is well- 
nigh impossible to account for the peripheral spectral sensitivity curves in 
physical terms. There is no doubt that scattered light will lower the absolute 
sensitivity, as will any other large and intense glare source. Now, if Rayleigh 
scattering takes place in the ocular media, an originally “white” adapting 
light will be somewhat denuded of short wavelength radiation, and thus tend 
to depress the sensitivity of long wavelength mechanisms much as yellow or 
orange light would. The short wavelength mechanisms would be left rela- 
tively undisturbed. That this cannot be the complete explanation is shown 
by the vast difference between the effects of such an adapting light on foveal 
and on peripheral vision. Furthermore, peripheral wavelength discrimina- 
tion is found to vary with luminance (Weale, 1951la, 1953a), another factor 
which suggests that light-adaptation produces functional changes in the 
relative efficiencies of the retinal mechanisms. 

Summarizing, it would appear that there are at least three types of spectral 
sensitivity curve which characterize the retinal periphery. 

When it is fully dark-adapted, the sensitivity is maximal at 497 mp and 
hence almost certainly mediated by visual purple. When the light-adaptation 
of the periphery is only local, as happens with a bright test-field and zero 
surround, the spectral sensitivity curve is similar in shape to the foveal curve 
but is so displaced that the maximum moves from 555 to 540 mu. When the 
level of adaptation of a large part of the retina is raised to a high luminance, 

the spectral sensitivity 
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interpreted in terms of retinal function, since the variation of B necessarily 
involves a change in the level of adaptation of the eye as a whole. But the 
data shown, e.g. in Fig. 5(B), refer to fixed levels of adaptation. This 
distinction serves to emphasize a possible physiological aspect of glare. A 
source of light will be a potential glare source only if it sets up a local 
adaptational effect different from that due to the general level of adaptation. 
Thus a 150w lamp, when viewed directly at night, may give rise to discomfort 
glare. When we view the same lamp on the following day against a bright 
sky seen through a window, we may hardly realize that the light is switched on. 
But, as Weston (1953) has emphasized, a marked psychological element 
enters the whole problem. On an unlit road, the appearance of one or two 
glare-sources in the peripheral field may cause acute discomfort if we resist 
the impulse to fixate and disaster if we yield to it. This raises another 
interesting point in connection with Petherbridge and Hopkinson’s data. 
When laboratory experiments or practical visual tasks are performed in 
the presence of an extra-foveal glare source, the impulse to fixate the latter 
must be resisted. Fig. 7 shows that, up to an eccentricity of about 30°, the 
glare effect is fairly uniform and drops sharply at eccentricities greater than 
this. In the absence of any experimental evidence, we have to consider the 
possibility that the fixation reflex is approximately equally effective up to 
about 30°, but that it suffers from an attitude of Jaissez-faire beyond this 
angle. On this basis, peripheral glare would have a nervous component, 
which might be separable from an intensity factor by a special experimental 
procedure, perhaps on the lines suggested by Gerathewohl (1951). 


COLOUR VISION 


Not very much remains to be done on the “scotopic” visibility curve, since 
it can be adequately accounted for in terms of pre-retinal absorption, light- 
quanta, and the absorption characteristics of visual pigment 497. There is, 
of course, a well-known gap in our knowledge—namely what happens between 
the rods and consciousness—but this is not specific to the problem. No 
corresponding progress has yet been made with the photopic visibility curve 
or the fundamental response curves, and in some way or other, most effects 
aim at a release of visual theory from this impasse. Peripheral investigations 
can make a contribution and, as we have seen, have already done so. En- 
tirely new methods are now being brought to bear on the problem. Unlike 
the classical method of investigation—that of chromatic sensations—they 
depend on the electrical properties of the stimulated eye, and have yielded 
information primarily about the retinal periphery. 


(a) The Method of Chromatic Sensations—The older workers, whose 
interest in peripheral colour vision was prompted by the desire to support 
some theory or other, restricted their attention to the appearance of coloured 
lights or pigments (cf. Weale, 1953b). They normally employed a perimeter 
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and the observer had to signal at which perimetric angle a chromatic sensa- 
tion became achromatic or vice versa. Today, even modern experiments 
along such lines are regarded by many with indifference, because, it is argued, 
the description of sensations is controlled by so many imponderable factors. 
The broad results of such perimetric measurements are these: 


(1) “‘Blue” is recognized farther in the periphery than any other colour, “red” 
has the smallest perimeter, “yellow” and “green” occupy intermediate 
positions (Abney, 1913); 

(2) When no restriction is placed on luminance the colour-fields for a 1° field 
are co-extensive (Wentworth, 1930); 

(3) Adaptation has a profound effect on the extent of the fields (Wentworth, 
1930); 

(4) There are certain invariant chromatic sensations (Hess, 1889) when various 
perimetric angles are examined. This invariance does not extend to the 
purity of the “constant” colour, but in general reds and greens are said 
to tend towards yellow, and blue-greens and violets towards blue. 


Attempts at a quantitative appraisal of colour vision in the periphery are 
very recent. In this connexion, it is useful to distinguish between the influence 
of peripheral areas on foveal colour-vision on the one hand, and the colour- 
vision of isolated peripheral parts on the other. Wright (1946) has shown 
that pre-adapting the central retina to a white field (5°) reduces the just 
noticeable wavelength step (4A), when A=530 and 580 my, but increases it 
for A\=494 my. It is uncertain whether similar effects would be observed by 
pre-adapting the fovea with a white field of only 2° or whether a stimulation 
of the parafovea is essential. 

Hunt (1952) used a binocular matching method in which a bi-partite 20° 
test field was surrounded by an adapting field of 60°. The adapting illuminant 
was S,. Trichromatic matches were made of eight coloured lights in turn; 
it was found that when the eye was adapted to low luminance levels an 
increase in the intensity of the test colour led to an increase in colour satura- 
tion. A corresponding increase in the intensity of the test colour when the 
eye was adapted to high luminance levels led to most colours appearing bluer. 
A broadly similar result was obtained when the test field subtended an angle 
of only 1° (Hunt, 1953). Although care must be exercised in deducing the 
subjective appearance of stimuli from the shape of sensitivity curves, Hunt’s 
results for high levels of luminance are compatible with the view that white 
light tends to depress the response to long wavelength light more than that 
to light of short wavelengths. 

Burnham (1951) examined the effect of field size on chromaticity. An 
increase of from 2° to 22° led to a small but significant increase in saturation. 
A further increase of the area to 77° produced only smaller and non-systematic 
changes. The stimuli in these experiments were necessarily unsaturated and 
it is of some theoretical interest to know whether spectral stimuli would 
behave in a similar manner. 

It follows from Hunt’s and Burnham’s work that, under given conditions, 
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the stimulation of the extra-foveal regions improves the chromatic perception 
of the fovea. Neither author reports any regional variation of the resultant 
sensation. 

The colour vision of isolated peripheral regions has lately received some 
attention both in Germany and in Great Britain. Thus Baeuml and Engel- 
hardt (1951) and Engelhardt (1951, 1952a, 1952b) have observed peripheral 
colour sensations, the stimuli being provided by Ostwald papers. According 
to these experiments, the periphery is trichromatic or anomalously tri- 
chromatic up to an angle of about 45°, and dichromatic beyond this. The 
extreme periphery is said to be achromatic. The authors’ use of these well- 
defined terms is open to criticism, as no colour-matching experiments were 
carried out (but cf. Moreland, 1955). 

Since, moreover, the perimetric fields are a function of the intensity and 
field size of the stimulus and the level of adaptation (Abney, 1913; Went- 
worth, 1930), the validity and value of such a generalization are questionable. 

Some workers believe that monochromatic stimuli are preferable to 
coloured papers, if only for the reason that they simplify comparison and 
correlation with kindred work. Gilbert (1950) measured the just noticeable 
wavelength step (4A) at an eccentricity of 4° at two luminance levels, and 
observed that desaturation occurred at the lower level in the blue-green region 
of the spectrum. She ascribed this to rod activity. Weale (1951la) extended 
this work to 70° and observed a gross deterioration of wavelength discrimina- 
tion at long wavelengths as the perimetric angle increased. Rather un- 
expectedly, the values of 4A at short wavelengths suffered comparatively 
little. 

The most comprehensive investigation of the chromatic properties of the 
retinal periphery, however, was made by Moreland (1955), who modified the 
Wright colorimeter to enable him to reach perimetric angles as large as 45° 
and determined colour-mixture functions at various eccentricities. He found 
that, in the absence of a surround, vision was trichromatic up to 15°, di- 
chromatic between 15 and 25°, and nearly monochromatic at 40-50°. He 
confirmed the observation mentioned earlier that the periphery is very sus- 
ceptible to the effects of different levels of adaptation, and discovered that 
the technique, measurement, and length of exposure of the eye to the test 
field all play important roles. His results on the colour changes observed 
when the test field moves away from the fovea contradict Hess’s discovery 
of invariant colours: Moreland did not find any stimuli which produced 
them. His data on spectral sensitivity and wavelength discrimination agree 
with the findings of Stiles and Crawford and of Weale. His results on 
spectral sensitivity raise an interesting point requiring further elucidation: 
the curves are humped even in retinal regions where colour-matching data 
suggest that vision is monochromatic. Since such humps (cf. Stiles, 1949; 
Weale, 1953c) are probably caused by the selective sensitivity of retinal 
colour mechanisms, we are faced with the interesting situation in which the 
mechanisms are clearly in action but the wavelength discrimination is nil. 
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(b) The Method of Electrical Phosphenes.—This technique was developed 
by Motokawa (1949a). Briefly, two silver electrodes are secured to the 
human skin with electrode paste, one above the eyebrow and one to the 
homolateral temple. The electrodes are connected through a switch and a 
variable resistance (10-1000022) to a 12-volt battery. Electrical stimulation 
of the eye is achieved by passing a current through the circuit for 100 m.sec. 
An adequate stimulus elicits in the observer a phosphene. The threshold 
strength of the phosphene depends on whether or not the eye has been 
exposed to light. The electrical excitability of the human eye recovers rapidly 
after a brief exposure and then becomes supernormal. When the eye is 
exposed for one or two seconds or less to white light and the electrical excita- 
bility measured during the following few seconds, the resultant curve is found 
to exhibit three maxima when the light stimulation is foveal. The maxima 
are subsequently shown to be associated with mechanisms responding 
primarily to red light (1 sec.), green light (2 sec.), and blue light (3 sec.). 
These temporal points are independent of the intensity of the light stimulus 


(Fig. 82). 
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An important feature of this method is the phenomenon of multiple 
thresholds. Let us suppose that the pre-illumination is green and a relatively 
high voltage is applied. The observer is going to signal: phosphene. As 
the voltage is reduced, the phosphene disappears, but further reduction of 
the voltage allows the phosphene to reappear; the voltage is reduced even 
further and the phosphene disappears again; further reduction can yield a 
third threshold (Motokawa, 1951). These various thresholds are associated 
with different spectral mechanisms; it is like going down a mine near an 
incline when various strata, seen on the Earth’s surface, reappear in turn. 


When Motokawa (1949b) came to examine the periphery of an observer with 


Normal colour vision, the excitability curve showed a new maximum of 
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1-5 sec. after cessation of white stimulation. The spectral variation of this 
mechanism is maximal at 585 mp and dominates the retinal region at 15°. 
At 25° the “blue” mechanism takes the lead, which it keeps at 35° (Fig. 8). 
In the outer regions this method fails to distinguish between the “‘ green” and 


rod mechanisms (but vide infra). It 
might be argued that this result has 
dealt a death blow to the trichromatic 
theory, but this is not the case since 
no one knows which retinal structure 
gives rise to the phosphene. As 
Thomson (1952) has pointed out, the 
phosphene records probably refer to 
an intermediate zone, and moreover 
the spectral curves do not represent 
energy relations. The old heresy of 
identifying bell-shaped spectral 
variation curves with each other 
might, in the present case, lead to 
unnecessary complications. Moto- 
waka’s technique has been most 
fruitful and led to a large amount of 
work from his schoo), Oikawa and 
Kurosawa (1954a), measured the 
response of the rods by determining 
the phosphene threshold when the eye 
was pre-ilfuminated with lights of 
various wavelengths obtained from an $00 600 
equal-energy spectrum. Six retinal WAVE LENGTH (my} 
areas of eccentricities ranging from 5° Fig, § (4),—Spectral variation of excitabilities 
to 50° were examined at three intensity at various retinal locations. 
bd kawa (1949a, b) and 

levels. Only the curves at 40° and 1 vitor of the Tohoku fournal of Expert 

were smooth; in the other retinal mental Medicine and the Journal of Neuro- 
regions the high intensity curves 2sology.) 
showed marked indentations at 530, 
$75, and 670 mu. The authors ascribe them to inhibitory activity of the 
cones responding mainly to lights of these wavelengths. 

Oikawa and Kurosawa (1954b) also observed the behaviour of rods in 
photopic vision (vide supra); examining a retinal region at an eccentricity of 
20°, they found that a white flash (40 m.sec) led to the following results: 

At 300 lux the excitability curve showed the “red”, “yellow”, “green”, 
and “blue” peaks; 

At 50 lux the “yellow” and “blue” peaks appeared, which persisted down 
to the light threshold; 

At 10 lux the rod peak appeared (4-5 sec. after cessation of the white 


stimulus), and this also persisted down to the light threshold; 
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When the luminance was 50 lux and different retinal regions were compared, 
four peaks appeared at 5°, only “yellow” and “blue” at 20°, but 
“yellow”, “blue”, and “red” at 50° in the periphery. 

These results are striking, but the reader will indubitably have noticed 

that, in the former work, there was apparently no inhibitory activity in the 
blue part of the spectrum. Oikawa and Kurosawa write: 


If the blue receptor is so much akin to the rod as Roaf [1933] and recently Willmer 
[1943] emphasize,»we shall be able to understand the reason why the blue part of the 
spectrum has no such inhibitory action upon the rod-response as do red, yellow, and 
green parts of the spectrum.” 


In the second paper, however, “*red”’ and “‘ yellow” as well as ““ blue” peaks 
appeared in the excitability curve. Oikawa and Kurosawa write: 


If the theory by Roaf and by Willmer were correct, it would be difficult to under- 
stand the fact that in our experiment the rod process and the blue process can be dis- 
tinguished very clearly from each other. As was shown in a previous {i.e. the above] 
paper, the rod process shows a spectral distribution well corresponding to the scotopic 


visibility curve, and never shows a sensitivity maximum at the blue part of the spectrum 
under all experimental conditions. 


The difficulty of reconciling these two conclusions may be linguistic in 
nature but has every appearance of being logical. The aforementioned 
agreement with the scotopic spectral sensitivity curve is only achieved after 
an arbitrary arithmetical manipulation which the reader can only partly 
justify if he happens to have read another paper by Oikawa (1953). 


Such obstacles induce the belief that the writers of the Japanese school have 
yet to map the land over which they have been promising to guide us. 


(c) Electroretinography.—The only objective method so far suitable for 
investigation of colour mechanisms in the human eye is provided by the 
electroretinogram (ERG). The electrical response of the eye giving rise to 
the various components of the ERG is relatively so poor that either intense 
or extended stimuli- are required to obtain any information at all. This 
means that by far the larger retina) part examined is extrafoveal. 

The three components of the human ERG which lend themselves to quanti- 
tative analysis are the a-, b-, and x-waves (Fig. 9, overleaf). The positive x- 
wave was discovered in man by Motokawa and Mita (1942) and Adrian (1945). 
Although Best (1953) rightly insists that great care is to be exerted in associa- 
ting any ERG component with a particular retinal structure, there is little 
doubt that the x-wave is due to a cone response. Thus Adrian observed it 
in the light-adapted eye with red but not with blue light. The latter favoured 
the appearance of the positive b-wave. He also showed that animals whose 
retinae contained many cones yielded ERGs with both x- and b-waves, but 
that those with few cones gave only b-waves. Schubert and Bornschein 
({952) have shown that the x-wave is absent in (rod] monochromats and, 
above all, in protanopes. To date, it does not seem to have been possible 
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to construct a spectral sensitivity curve of the x-wave, although this has been 
achieved with a- and b-waves. 
These data (Riggs, Berry, and 
Wayner, 1949; Armington, 
Johnson, and Riggs, 1952) were 
obtained with a 7° 30” field and 
thus covered a large extra-foveal 
region. Now, although Adrian 
(1945) had observed that the 
negative a-wave appeared in the 
human eye only at high inten- 
sities, Armington and others 
(1952) found that its spectral 
distribution was similar to that 
of the b-wave, both being com- 
parable with the scotopic 
visibility curve; they write: 





One conclusion which seems 
inescapable is that the a-wave, as 
grossly observed, is not a purely 
photopic effect. 


Although comparable with the 
scotopic visibility function, these 
data can in no way be identified 
with it: their maximum is dis- 
placed by about 20 mp towards 
the short wavelength end of the 
spectrum. Boynton (1953) has 
investigated the suggestion that 


iaocis, piainiatc pense n: 
Cc 


Fic. 9.—Electroretinograms (Up =positive; Down = 
negative). A and B: colour-normal eye; C and 
D: protanopic eye. 

A and C stimulus containing light of wavelengths > 
530 mp; B and D stimulus containing light of 
wavelengths >600 my. 

Note that D lacks first positive inflexion (x-wave). 


(By courtesy of Schubert and Bornschein (1952) and 
the editors of Ophthalmologica, Basel.) 


D 





this hypersensitivity to short wavelength 


radiations might be due to light scattered by the ocular media. According 
to this view a large test field would “waste” less light than a small one. 
Boynton thus measured the spectral sensitivity of the b-wave with fields of 
diameter between 12° and 105°, and found that the large fields in fact 
gave lower sensitivity values to blue light than the small ones. After the 
application of a correction based on the assumption that the scattering is of 
the Rayleigh type, the two curves agree with each other at short wavelengths 
but their previous agreement at longer wavelengths is destroyed. Boynton 
ascribes this disagreement to the neglect of a correction factor due to the 
reflection at the red fundus. To meet the discrepancy, this correction would 
imply that the fundus reflects about 100 per cent. of the incident orange light. 
In any case, this correction would have to be applied to both the large and 
small field data and thus a comparison between the two cannot reveal the 
necessity for its application. The verdict on the effect of stray light on 
spectral ERG curves is thus “not proven”. A possible explanation of the 
discrepancy discovered by Boynton might be provided by the measurement 
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of spectral b-wave sensitivity curves at various luminance levels, or by 
chromatic adaptation experiments. 
Such have recently been undertaken by Armington and Thiede (1954), who 
“have succeeded in separating several independent spectral processes. More 
ntly, Armington (1955) published results of spectral sensitivity measure- 
in which the ERG had been elicited with stimuli subtending at the eye 
of 6°, 30°, and 60° respectively. The fields were fixed centrally and 
Armington concluded from the shape of the three curves—broadly similar 
for the three field sizes—that they were intermediate between pure fovea) 
curves (Hsia and Graham, 1952), and pure peripheral curves (Weale, 1953a). 
He also argued from his results that the role of scatter is inappreciable in 
photopic ERG measurements, but he failed to come to grips with the question 
of macular pigmentation. A similar failure vitiates Johnson and Corn- 
sweets conclusions (1954), drawn from a comparison between the CIE 
photopic curve (2° field) and an ERG sensitivity curve obtained with a 
T 30’ field. In this connexion, it is most important to observe the stipulation 
made by Armington (1955), namely that only comparable data should be 
compared. 


_ These results are still too imprecise to justify a detailed comparison with 
data obtained by other methods, but human electroretinography may well 
catch up with the results obtained from subjective work and allow further 
investigations into the processes of colour vision. 


CONCLUSION 


Aspects of the function of the retinal periphery ranging from diffraction 
phenomena to electrophysiology have been discussed. 

Other important subjects, such as reaction times and fusion frequencies, 
have been omitted, but those dealt with have shown that peripheral vision 
is a difficult subject to study. To take a pleasant task, namely the leisured 
contemplation of paintings, the retinal periphery provides a most acceptable 
éminence grise; Van Gogh’s “‘Potato-eaters” would look toneless with a 
light surround, Constable’s landscapes simply like views through a window 
if the background were dark. It would appear that some consideration of 
the properties of the retinal periphery may lead to increased visual hygiene, 
if not also to greater visual efficiency. 
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KERATO-CONJUNCTIVITIS SICCA AND THE 
COLLAGEN DISEASES* 


BY 
J. H. RAMAGE anp W. F. KINNEAR 
Glasgow Royal Infirmary 


KERATO-CONJUNCTIVITIS sicca is more often seen by and is of more interest 
to the ophthalmologist than the physician. It is little known and yet not 
uncommon. The usual syndrome is one affecting mainly middle-aged 
women and consisting of kerato-conjunctivitis sicca, rhinitis sicca, xerostoma, 
pharyngitis sicca, and parotid enlargement, and frequently including a 
chronic polyarthritis (Sjégren’s syndrome). The aetiology is obscure, and 
from time to time such conditions as endocrine glandular dysfunction, focal 
sepsis, bacterial infection, virus infection, allergy, and vitamin deficiency 
have been put forward as possible factors. Association of this type of con- 
junctivitis has been noticed to occur in conditions which are recognized to 
be themselves of the same family. 

The investigations carried out in all cases included haemoglobin estima- 
tion, blood count and differential white blood cell count, erythrocyte sedi- 
mentation rate, and Wassermann reaction, and Kahn test. X rays were 
taken of the chest, parotid glands, and joints, when the latter were affected. 
Blood urea, serum protein, and liver function tests were carried out. 

In the last four cases, because of the related generalized disease, there 
were extensive investigations. These varied slightly from case to case, but 
included, in addition to the above: sternal marrow biopsy, blood and urine 
cultures, serum agglutins for B. abortus, etc., blood pyruvic acid, serum 
electrolytes, serum phosphorus and calcium, renal function tests, creatine 
excretion, urinary coproporphyrins, and electrocardiography. 


Case Reports 
The two following cases are typical examples of Sjégren’s syndrome and illus- 
trate the usual clinical and laboratory findings. 


Case 1, a married woman, aged 55 years, was seen on September 16, 1954, and investigated 
as an out-patient. There was a history of having had a polyarthritis for 6 years with 
recurrent exacerbations and remissions. A constant irritation of the eyes with a sensa- 
tion of grit in them had been noticed for 6 months, and a dry mouth and tongue had 
been present for 2 months. 

The patient was of stout build. The positive clinical features were a rheumatoid 
arthritis, xerostoma and dryness of the tongue, slight prominence of the left parotid, and 
typical kerato-conjunctivitis sicca. Schirmer’s test (Schirmer, 1903) showed deficient tear 
secretion. Rose Bengal (Rose, Luttmann, and Houghton, 1950) produced characteristic 
staining of the conjunctivae. 





* Received for publication February 13, 1956. 
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Case 2, a married woman, aged 53 years, was first seen on September 16, 1954, and 
investigated as an out-patient. She had had recurrent attacks of arthritis since 1926, 
but had only become handicapped 18 months previously. For 6 months there had been 
a sensation of grit in the eyes and the vision had been deteriorating. She complained 
of a dry mouth and tongue. There had been dyspepsia with irregular upper abdominal 
discomfort and flatulence intermittently for over 2 years. 

She was of spare build. She had typical rheumatoid arthritis in the hands, wrists, 
elbows, shoulders, ankles, and knees. There was kerato-conjunctivitis sicca. Schirmer’s 
test was positive. There was no parotid enlargement, and the tongue was moist. 
Examination of the cardiovascular system showed a mitral stenosis. There was some 
chronic bronchitis and emphysema. 

In the above two cases the erythrocyte sedimentation rate was moderately 
increased, the blood showed a moderate degree of normocytic hypochromic 
anaemia, and x rays confirmed arthritic joint changes of rheumatoid type. The 
blood urea was at the outer limits of normal and in one case the serum globulin 
was relatively increased. The total serum proteins were of normal value. 


The following cases show this eye condition associated and concurrent with 

other diseases. 
Case 3, an unmarried woman, aged 50 years, was admitted to hospital on October 15, 
1953, with a history of paraesthesia and numbness of the feet and legs of gradually 
progressive type and accompanied by severe pain in the legs. A pyrexia had been 
discovered. She had had measles and chickenpox in infancy. 

The clinical signs were paralyses, muscular wasting, and sensory changes suggestive 

of a polyneuritis. The further observation suggested that this polyneuritis was due to 
polyarteritis nodosa. Parotid gland enlargement was seen on October 28, particularly 
prominent on the right side. Xerostoma was noted. The parotid enlargement subsided 
a month later co-incident with treatment by cortisone, but recurred 2 months later. 
From November 10 she complained of painful eyes and these showed the typical appear- 
ances of kerato-conjunctivitis sicca. There was staining by Rose Bengal. Schirmer’s 
test was positive. The parotid enlargement became prominent during May, 1954, and 
persisted until death. There was a progressive muscular weakness and wasting over a 
period of 9 months and the patient died on July 21, 1954. The post-mortem examination 
confirmed the clinical diagnosis of polyarteritis nodosa. 
Case 4, an unmarried woman, aged 40 years, was first admitted to hospital in March, 
1946, with an illness showing appearances in keeping with scleroderma and rheumatoid 
arthritis of the hands. There was in addition a past history of haematemesis and 
dyspepsia and x rays had shown a duodenal ulcer. She had had Raynaud’s phenomenon 
(Raynaud, 1862) in her early twenties which had disappeared after 6 years. She was 
again admitted on April 1, 1954, and at that time complained of increased pain and stiff- 
ness of the fingers for 2 months before admission, during which time the tips of the 
fingers had become black and shrunken. She had noticed dryness of the mouth and 
hoarse voice some 6 years ago and 2 years ago there had been swelling of the parotid 
glands which became maximal in 6 months and remained static thereafter. Tightness of 
the skin around the mouth had become prominent a year ago and at the same time she 
had a sensation of grit in the eyes. 

She was a small spare pale woman with scleroderma of the fingers and early gangrene 
of their tips. There was bilateral enlargement of the parotid glands. The mouth and 
tongue were dry. The buccal opening. was small and the surrounding skin fissured. 
The conjunctivae were red and fiery-looking and showed typical staining with Rose 
Bengal. Schirmer’s test was positive. There was in addition a polyarthritis of the 


\ og of the hands. 












418 J..H. RAMAGE AND W. F. KINNEAR 


Case 5, an unmarried woman, aged 54 years, was admitted to hospital on May 13, 1954, 
She complained of malaise of 2 weeks’ duration with a generalized rash appearing on the 
body 8 days before-admission. She had had recurrent conjunctivitis with pain in the 
eyes for 4 years with the typical sensation of grit in the eye. In January, 1954, she had 
had a moderate macrocytic normochromic anaemia. 25 years ago she had been treated 
for lupus erythematosus of the nose which had persisted subsequently without change. 
She had had, during the past year, occasional twinges of pain in the elbows, knees and 
thighs, and had had intermittent headache and vertigo. 

Examination showed the skin of the nose pitted and purplish. There was a bilateral 
enlargement of the parotid glands. The skin of the lower leg showed a diffuse erythema- 
tous rash. There was a low grade pyrexia. The blood showed a slight anaemia and 
raised erythrocyte sedimentation rate. The skin specialist was of the opinion that there 
were lesions of the skin typical of acute lupus erythematosus. ° 
Case 6, a man, aged 49 years, was seen at the outpatient department, complaining of dry 
gritty eyes with photophobia for 7 years. There was in addition a dry skin of the body 
mainly involving the arms and the legs. The tongue and mouth were dry in the morning. 

In 1937 he had been treated in the Skin Department of the Edinburgh Royal Infirmary 
for lesions of the skin of the nose and arms which were confirmed by biopsy to be due 
to Boeck’s sarcoidosis. A sister suffers from Raynaud’s disease. 

Clinical examination showed superficial scarring of the skin around the nose; the skin 
generally was fine and dry. There was moderate chronic bronchitis and emphysema. 
The conjunctivae were injected, Rose Bengal caused typical staining and Schirmer’s test 
was positive. 

In these last four cases the findings were much the same. There was a variable, 
but definite degree of normocytic hypochromic anaemia, save in Case 6 where 
the blood count was normal. The erythrocyte sedimentation rate was invariably 
raised. In Case 4 with scleroderma the serum globulin was normal and x rays 
showed arthritic changes in the hands. In the others the serum globulin was 
relatively raised as in Case 2. In Case 5, disseminated lupus erythematosus, there 
was a disturbance of liver function, and the tests showed thymol turbidity 38 
McLagan units, and colloidal gold 653000. Examination of the blood in this 
case on two occasions failed to demonstrate any “L.E.”’ cells. The other investi- 
gations in all cases gave results within normal limits. 





Comment 


It is suggested that these cases are further evidence that this condition of 
kerato-conjunctivitis sicca. occurs in association with a variety of conditions 
of probable inter-related aetiology and pathology and that Sjégren’s syndrome 
is one of such associations. The occurrence of kerato-conjunctivitis sicca 
with polyarteritis nodosa has been noted by Cardell and Gurling (1954) and 
with a case of disseminated lupus erythematosus by Morgan (1954). 
MacLean and Robinson (1954) described a case of the syndrome with L.E. 
cells present in the blood. 

Sjégren (1933) corroborated and augmented the findings of several. 
physicians to crystallize the syndrome bearing his name. The condition is 
almost, but not quite exclusively found in women of middle-age and over 
and is of gradual onset. The essential lesion of the eye is the lack of tears 
and the protection given by them to the delicate epithelium of the con- 
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junctiva and cornea. The areas of cornea and conjunctiva exposed when 
the eyelids are open, suffer and unlike normal epithelium they stain with 
a solution of Rose Bengal. Sjégren considers this pathognomonic. 
Schirmer’s test is a quantitative method of measuring the production of 
tears by absorbing the amount produced on a strip of filter paper. The 
syndrome is characteristically accompanied by a polyarthritis of rheumatoid 
type in two-thirds of the cases. 

It has been recognized recently that the conditions of acroscleroderma, 
periarteritis nodosa, and disseminated lupus erythematosus probably belong 
to a group of diseases affecting collagen tissue, and that these collagen 
diseases include rheumatoid arthritis, rheumatic fever, and dermatomyositis 
(Banks, 1941; Klemperer, Pollack, and Baehr, 1942). The aetiological 
features cited in Sjégren’s syndrome and the above conditions are very 
similar. With regard to periarteritis nodosa, Klotz (1917) suggested a 
streptococcal invasion. Harris and Friedrichs (1922) thought a virus might 
be responsible. Allergy has been incriminated (Ophuls, 1923). Endocrine 
dysfunction (Selye, Sylvester, Hall, and Leblond, 1944) and sensitization to 
various substances, mainly serums and sulphonamides (Rich, 1942; Rich 
and Gregory, 1943), have been mentioned. 

Similar aetiological conditions have been related to disseminated lupus 
erythematosus (Baehr, Klemperer, and Schiffrin, 1935; Klemperer and others, 
1942; Fox, 1943). 

Acroscleroderma, the condition of close association of scleroderma with 
Raynaud’s phenomenon, resulis in appearances described in Case 4 (Hutchi- 
son, 1896). The aetiology has been discussed along similar lines to the 
above by Lewis (1938), Mayo and Adson (1932), Prinzmetal (1936), and 
Sodeman and Burch (1939). 

The pathology of these conditions has also been given comparatively 
common ground. The primary lesion with involvement of the collagen 
tissue of the blood vessels is well known in periarteritis nodosa and dis- 
seminated lupus erythematosus (Harris, Lynch, and O’Hare, 1939; Banks, 1941; 
Klemperer and others, 1942; Miller and Daley, 1946). In acroscleroderma, 
Prinzmetal (1936) and later Sodeman and Burch (1939) concluded that it 
was likely that some change of unknown origin in the collagenous part 
of the skin and subcutaneous tissue was involved in the production of 
scleroderma. 

The aetiology of ‘“‘Boeck’s”’ sarcoidosis remains a riddle. It has been 
critically discussed by Middleton (1954), who examined the evidence which 
has accumulated regarding its relationship to many conditions, which include 
tuberculosis, brucellosis and leprosy, fungus infections, histoplasmosis and 
toxoplasmosis, nematode infestation, leishmaniasis, and reactions to talc, 
silica dioxide, and beryllium phosphors. He concluded that it is a clinical 
entity and that none of these relationships is of consequence. Kerato- 
conjunctivitis sicca was seen in the last case with cutaneous sarcoidosis. 
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To discuss the aetiology of Sjégren’s syndrome is simply to reiterate the 
aetiological features mentioned above. There has been a recent review by 
Duke-Elder (1952). The modern treatment of all these conditions has 
included cortisone and ACTH among specific measures. The results have 
been variable, but some cases of polyarteritis nodosa, disseminated lupus 


erythematosus, and acroscleroderma have shown remissions of variable 
intensity and duration (Irons, Ayer, Brown, and Armstrong, 1951; Baggen- 


stoss, Shick, and Polley, 1951; Brunsting, Slocumb, and Didcoct, 195); 
Kierland and Hines, 1951). Local treatment to the eye with cortisone has 
proved on the whole of little value, and systemic treatment of the related 
condition has had no apparent effect on the conjunctival involvement. 


Summary 
Six cases of kerato-conjunctivitis sicca are briefly described. There was 


related parotid gland enlargement in some; in association in two cases 
there was rheumatoid arthritis (Sjégren’s syndrome); in the other cases there 


were separately, polyarteritis nodosa, disseminated lupus erythematosus, 
acroscleroderma, and Boeck’s sarcoidosis. The aetiology is discussed. 


We are indebted to Dr. David Smith, Physician, Glasgow Royal Infirmary, and to Dr. J. N. 


Tennent, ophthalmologist, Glasgow Royal Infirmary, for permission to publish these cases, 
and to Dr. J. H. Wright, under whose care Case 5 was first investigated and treated. 
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CHAMBER DEPTH IN PRIMARY ACUTE GLAUCOMA* 
BY 
RAGNAR TORNQUIST 


From the Ophthalmic Clinic, University of Gothenburg, Sweden 
(Director: Prof. Bengt Rosengren) 


Ir is well known that there is a connexion between a narrow angle of the 
anterior chamber and primary acute glaucoma. As the chamber angle 
differs in each individual, it may often be difficult to decide how it should be 
classified; there is no method of measuring the angle, and it is therefore 
justifiable to determine a measurement which gives an indirect indication of 
its size. The axial chamber depth can be measured with great exactitude, 
and it has been shown that a small chamber depth and acute glaucoma are 
remarkably often coincident (Rosengren, 1931). It has also been found that 
the shallow chamber in acute glaucoma probably exists before the onset of 
the disease (Rosengren, 1931) and is genetically determined (Térnquist, 1953). 
This particular structure of the eye may thus be considered to be a predis- 
posing factor in the aetiology of the disease. 

However, little is known of the degree of reduction in cases of acute 
glaucoma or whether a difference in the predisposition can be related to 
varying degrees of shallowness of the anterior chamber. The following 
questions require consideration: 


(1) What is the chamber depth at the onset of acute glaucoma? 

(2) Can a crucial “threshold value” be determined, applicable to all eyes, 
below which the predisposition to acute glaucoma sets in? 

(3) Does the risk of developing acute glaucoma increase with decreasing 
chamber depth? 


Material 
The material comprised 95 patients with primary acute glaucoma (24 males 
and 71 females), the total number of glaucomatous eyes being 146. The patients 


were treated at the eye clinics of the Sahlgren Hospital, Gothenburg, and the 
Caroline Hospital, Stockholm. 


Methods 
Primary acute glaucoma is as a rule easy to diagnose. Sudden episodes of 
blurred vision, pain, and the appearance of rainbow-coloured haloes around 
lights are characteristic. These symptoms coincide with a considerable increase 
of the intra-ocular pressure. Cupping of the optic disc and impairment of the 
visual field appear in a late stage. Biomicroscopy and ophthalmoscopy are 


required in order to eliminate cases of secondary glaucoma. 





* Received for publication March 27, 1956. 
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The chamber depth was measured with Stenstrém’s apparatus. Five readings 
were made from the anterior surface of the cornea to the anterior surface of the 
lens, and five readings from the posterior surface of the cornea to the anterior 
surface of the lens. The real axial distance from the posterior surface of the 
cornea to the anterior surface of the lens was then calculated. (in comparing 
these results with those obtained in investigations where measurements were made 
only from the anterior surface of the cornea, the average thickness of the cornea 
—Q-5T mm.—should be added to the values stated here.) Stenstrém’s method 
and its sources of error have previously been described (Tornquist, 1953). 

Vf not stated otherwise, the measurements were made when the intra-ocular 
pressure was normal. ' 

Results 


(1) Chamber Depth at the Onset of Acute Glaucoma.—The average of the 
chamber depth in the diseased eyes of the male and female glaucoma patients 
is given in Table I. The period between the onset of the disease and the 
time of measuring varied from a few days to 22 years (average 6 yrs). 


























TABLE I 
CHAMBER DEPTH IN EYES WITH ACUTE GLAUCOMA 
| Number of Average Chamber Depth (mm.) 
| 
in Gli t E 
Sex Glauco- aneeancnmamaiiniens fF Random Series of 
Patients matous | Normal Individuals in 
Eyes at Time of \ at Onset | same Age Group as 
Examination! (estimated) Glaucoma patients 
\ (measured) | 
Male ... —... 24 32 1-66+0-045 | 1:70+0-049 ~2°7 
Female 71 114 1-59+0-026 | 1-63+0-026 ~2°6 
Total ... sc 95 146 | 





It is interesting to determine the average value at the onset of the disease, 
and an attempt has therefore been made to estimate the chamber depth at 
that time by presuming that the senile reduction is the same as in normal 
eyes. The size of the chamber depth of normal persons in different age 
groups was given in an earlier paper (T6rnquist, 1953) and the regression 
curves of the average values of the two sexes are reproduced in Fig. 1. How- 
ever, it is possible that the senile reduction is not the same in persons with a 
shallow chamber, as it is likely that the genetic structure responsible for the 
shallow chamber is mainly manifested in old age. It is therefore possible 
that the senile reduction has developed quicker in the glaucomatous eyes and 
that the estimated values of the chamber depth at the onset of the disease are 
consequently slightly too low. However, the average of the estimated values 
of the cases measured soon after onset is much the same as that of the cases 
measured a longer interval after onset (Table II, opposite). 
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The estimated chamber depths at onset are plotted in Fig. {. The values 
vary between 1-0 and 2:7 mm., the averages for males and females being 


1-710 and 1-63 mm. respectively. 


cally significant. 
Only eighteen of 
the 146 eyes 
(about 12 per 
cent.) had a 
chamber depth 
above 2 mm. 
The values 
seem to be inde- 
pendent of age 
at onset. 


The difference of 0-07 mm. is not statisti- 

















TABLE II 
CHAMBER DEPTH IN EYES WITH ACUTE GLAUCOMA 
Duration of Average Chamber Depth (mm.) 
Glaucoma (yrs) Number of Eyes at Onset of Glaucoma 
\ (estimated) 
<5 | 82 | 1-61 40-032 
>5 64 1-68 0-032 
Difference 0-07+0-045 








Several operations had been performed earlier on many of the eyes in this 
series, and in some cases the eyes were under the influence of miotics at the 
It may be questioned whether these circumstances 
have had an effect on the size of the chamber depth. 


time of investigation. 
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Fic. 1,—Chamber depths of glaucomatous eyes. 
Estimated value at onset is given for each 
Curves indicate the average values of 


eye. 


normal eyes at different ages for males and 
females. 


Fic. 2.—Chamber depths of normal eyes in 
uniocular acute glaucoma. Estimated 
value at onset of glaucoma of the other 
eye is stated. Curves indicate average 

values of normal eyes at different ages 

for males and females. 
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(a) Influence of Miotics on Chamber Depth.—By administering miotics accommodation 
spasm occurs, followed by a thickening of the lens, and possibly results in a reduction 
of the axial chamber depth. Rosengren (1931) found that there was an average reduc- 
tion of 0-16 mm. in patients younger than 45 years, but that in elderly patients no change 
could be noticed. I have been able to confirm this in a few cases. 

In the present material only seven persons were less than 50 years old when investi- 
gated and four of them (6 eyes) were under the influence of miotics. The chamber depth 
in these eyes was not lower than average; in fact higher values than the average were 
noticed in four eyes, and in only two were the values slightly lower than the average. 


(b) Influence of Surgery on Chamber Depth.—Barkan (1954) stated that in many cases 
a measurable increase in the axial depth of the anterior chamber was found to occur 
following iridectomy either immediately or in the course of a few months. In two 
patients, in both of whom both eyes had been operated on, an increase occurred of 
from 1-0 to 1-7 and from 1-0 to 1-6 mm. in one patient, and from 1:2 to 1-4 or 1-5 mm. 
and from 1-1 to 1-5 mm. in the other. 

In a series of twenty glaucomatous eyes on which surgery had been performed with a 
good result, the chamber depth was measured before and after the operation. The 
results are shown in Table III; no significant difference in the chamber depth is observed. 
Thus Barkan’s observations cannot be confirmed. In a few cases a considerable reduc- 
tion in the chamber depth was found in the first few days after the operation, particularly 











TABLE III 
CHAMBER DEPTH IN EYES WITH ACUTE GLAUCOMA BEFORE AND AFTER 
SURGERY 
Age Chamber Depth (mm.) Time 
Eye of between 
No. | Patient Operation Operation Remarks 
(yrs) Before After and II 
(D (I) 
31 60 Iridectomy 1-39 1-46 1 mth 
oie | | iS | ie 
722 ridectomy ° : w . 
723 | 60 | Iridectomy 1-56 1-56 3 wks } Same patient 
725 70 Iridectomy 1-32 1:31 1 wk 
766 64 Iridectomy 2°16 2-10 1 wk ates ‘ 
iotics not given 
767 46 Iridectomy 1-76 1-82 4 mths { before the measure- 
ments 
174 68 Iridectomy 1:34 1-53 4 mths 
792 58 Iridectomy P 1-67 1-83 2 mths 
847 72 ~°| Iridectomy 1-22 4 4 = 
863 59 Iridectomy 1-32 1- 1 mt . 
864 | 59 | Iridectomy 1-47 1 56 1 mth } Same patient 
877 5 Iridectomy ° , wi . 
878 | 54 | Iridectomy 1-81 1-85 3 wks } Same patient 
879 56 Iridectomy 1-26 1-23 1 wk 
Equal dosage of 
875 49 Iridectomy 1-49 1-50 2 mths ae given betas 
th measuremen 
88 54 Iridencleisis 1-83 1-90 4 days 
e| 4 jee | if | ie | us 
5 71 'yclodialysis . . yrs } : 
654 | 71 | Cyclodialysis 1-62 1-45 2 yrs Same patient 























Difference (II—I) = 0:03+0-020 mm. 
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when the eye becomes hypotensive. 
chamber depth returns to its pre-operative level. 


seems to become less convex after the operation. 
When the average values for the operated and non-operated eyes of the whole series 
were compared no significant difference was found (Table IV). 


When the tension becomes normal again the 
Sometimes the surface of the iris 














Thus, it TABLE IV 

appears that CHAMBER DEPTH IN EYES WITH ACUTE GLAUCOMA 

the chamber pe Chai thie cao) 
verage Chamber Depth (mm. 

depth of acute Treatment Number of Eyes | at Onset of Glaucoma 

glaucomatous | (estimated) 

eyes IS ZeNeI- Operated ... 67 | 1-62-40-034 

ally consider- Non-operated 79 1-66 +0-026 

ably reduced | 

at the onset of Difference... | 0-04 +0-043 


the disease, the 





chamber depth 


being on an average 1 mm. less than that of normal eyes at corresponding 


ages. 


(2) Comparison between the Chamber Depths of the Two Eyes in Acute 
Glaucoma.—It is of interest to study the size of the chamber in the two eyes in 
binocular and uniocular glaucoma respectively. 
development of glaucoma in the second eye is given in Table V. 


TABLE V 


SECOND EYE IN 95 CASES OF ACUTE GLAUCOMA 


Material relating to the 


(a) Binocular Acute 
Glaucoma.—In cases of 


























binocular glaucoma in 

Glaucoma Number of Patients which both eyes devel- 

oped the disease 

In both eyes simultaneously (the 

oo 29 difference in time being 

(interval<1 yr) less than | year), a very 

(b) Successively 16 51 small, _ insignificant 
(interval>1 yr) : 

(c) Not reported 6 difference (0-01 mm.) 

"apa was found between the 

Gaeereattais Time after Onset measured chamber 

(a) <5 yrs 15 } 38 depths of the two eyes 

(6) >5 yrs 23 (Table VI, overleaf), 

Only one eye measured... wes — 6 being about the same 

as that seen in normal 

Total bac ie — 95 persons (0:05 mm.; 

T6rnquist, 1953). In 





cases in which the 
disease developed in the second eye more than one year after the first the 
chamber is usually shallower in the first eye; the average difference (0-09 mm.) is 
probably significant statistically. If the average estimated value at the onset of 
the disease in the two eyes is calculated, a smaller difference is obtained 
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TABLE VI 
CHAMBER DEPTH IN BINOCULAR ACUTE GLAUCOMA 




































Onset Number of Eye Average Chamber Difference 
Patients Depth (mm.) 
Simultaneously Right 1-65+0-060 
(interval<1 yr) 29 Left 1:66+0-057 0-01 + 0-024 
First 
Successively contracted 1-47+0-053 
(interval>1 yr) 16 0-09 +0-036 
Last 
contracted 1-56+0-040 

















(0-05 +0-041 mm.). Thus it appears that the second eye developed the disease 
when, by senile reduction, its chamber depth had become similar to that obtaining 
in the first eye at the time of onset; but it is not possible to draw any positive 
conclusions from this small series. 

(b) Uniocular Acute Glaucoma.—In cases in which at the time of investigation 
only one eye was glaucomatous, the chamber depth of the diseased eye was similar 
to that of the whole series of glaucomatous eyes. But a reduction was also 
present in the healthy eye; the deviation from the random sample of normal eyes 
is shown in Fig. 2 (p. 423) and Table VII. The deviation is statistically significant. 


TABLE VII 


COMPARISON BETWEEN DISTRIBUTION OF A SERIES OF RANDOM CASES AND 
OF A SERIES OF HEALTHY EYES IN UNIOCULAR ACUTE GLAUCOMA AT THE 
LIMITS GIVEN BELOW 















































Healthy Eyes in | 
Has | — = Uniocular Glaucoma Difference | 
Below Limit , n2=47 (P2 - Pi)+ | 
Fa Mean in 
andom Series) | +e ( 
Number) 100z; _ Number} 100z2 _ (P:-P,) 
z1 "hit =P; percent. zo a P2 per cent. ( 
M -30 3 0-8 28 | = 59-6 58-8-+7:2 
M -2¢ 11 2°8 38 80-9 78-:1+13-9 
M - 1-50 30 75 45 | 95-7 88-2+3-2 ‘ 
TABLE VIII The average differ- t 
CHAMBER DEPTH IN UNIOCULAR ACUTE GLAUCOMA ence _ between __the a 
chamber depths of q 
Number of Average Chamber ; the healthy eye and c 
ae ~~ yore Difference the diseased eye is 
0-16 +0-029 mm. and a 
Glaucomatous 1-61+0-042 is thus statisticall ; 
47 0-1640029 |S - . ng l 
| Healthy 1-774.0-038 significant (Ta 0 
| VII). 
For the following ._ 
reasons it seems unlikely that the disease contributes to the reduction of the ( 


chamber depth: 
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Out of 47 cases in which at the first investigation only one eye was glaucomatous, 
nine patients later developed glaucoma in the other eye as well. Of the remaining 38 
cases, fifteen had been under observation for less than 5 years, and 23 for more than 
5 years since the onset. If these two groups are compared, the average difference 
between the eyes is found to be a little less in the latter group. However, statistically, 
there is no difference between the groups (Table IX). In the five cases in which more 
than 15 years had passed since the onset and the other eye was still healthy, the differences 
were 0-07, 0-15, 0-16, 0-17, and 0-19 mm. If the disease had an effect on the chamber 
depth one would expect the difference to be greater in the cases of longer duration. 























TABLE IX 
CHAMBER DEPTH IN UNIOCULAR ACUTE GLAUCOMA 
Observation | Number of Average Chamber 
Time Patients ‘Eye Depth (mm.) Difference 
(yrs) 
Glaucomatous 1-59+0-076 
<5 15 0-19 +0-078 
Healthy 1-78 + 0-082 
Glaucomatous 1-68 +0-064 
>5 23 0-15+0-031 
Healthy 1-83+0-049 
Difference sé 0-04+0-084 








The difference in chamber depths between the two eyes in uniocular glaucoma 
can be explained by the fact that the chamber depth of the diseased eye is 
less than that of the healthy eye even before the onset of the disease. Cases of 
primarily uniocular glaucoma are thus likely to include those in which, even 
before the onset, the chamber depths of the two eyes were not equal. Conse- 
quently the eye with the shallower chamber would seem to be more prone to the 
disease. 


Comment 


A shallow anterior chamber is very important for the development of 
acute glaucoma. According to this investigation, the axial chamber depth 
at the onset of the disease was about 1 mm. less than in normal cases, or 
two-thirds of the normal depth at corresponding ages. Typical cases of 
acute glaucoma have almost without exception a markedly reduced chamber 
depth, but there is much variation, and it is not possible to determine a 
crucial “threshold value” below which the risk of acute glaucoma appears. 

Cases of simple glaucoma show a normal variation in chamber depth, and 
a value similar to that in acute glaucoma is sometimes found (Rosengren, 
1931). Therefore it is difficult to determine a limiting value separating cases 
of acute and simple glaucoma. 

_ Probably the degree of reduction of the anterior chamber is of importance 
in the pathogenesis of glaucoma. On the basis of his examinations, Posner 
(1955) supposed that peripheral iris crypts play an important role in safe- 
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guarding the eye with a narrow chamber angle from acute attacks. These 
are supposed to appear in the healthy eye in uniocular glaucoma. However, 
the observed difference in chamber depth between the two eyes in this type 
of case probably explains the difference in predisposition to glaucoma. 

A thorough analysis of the risk of developing glaucoma at different degrees 
of reduction of the chamber depth should be of great interest. This requires 
reliable records of all cases of acute and prodromal glaucoma in the same 
population, which is difficult to obtain. Table X indicates the relative risk 
at different chamber depths, showing that the risk of acute glaucoma in- 
creases with decreasing chamber depth. 


TABLE X 


CALCULATION OF RISK OF CONTRACTING ACUTE GLAUCOMA AT 
DIFFERENT LEVELS OF CHAMBER DEPTH 

















Number of Calculated Number 
Chamber Depth | Glaucomatous | Of Normal Persons Frequency i « 
(mm.) Eyes * in Gothenburg t a Morbidity Risk ¢ 
(a) (total 292,796) n 
(n) 
2:5—2-0 16 | 28,900 0-00055 1 
2:0-1°5 77 800 0-09625 175 
ee | 52 1 52 94,545 





* The material was collected in Gothenburg and Stockholm, and the onset in almost every case had occurred in 
the years 1930-1950. 

t The calculation of the number of normal persons in the different classes of chamber depth was made on the basis 
of the distribution found in the random series of 398 normal cases. It was then assumed that there is a normal dis- 
tribution with a standard deviation of 0-28 mm. in every age decade. The relative number below a certain limit can 
then be obtained from statistical tables in common use. The absolute number of each sex was calculated from the 
average population of both sexes in different age decudes during the years 1930-1950 in Gothenburg. 

t Let the risk of contracting the disease at a chamber depth between 2-5 and 2:0 mm=1. 


A difference in the degree of narrowness of the chamber angle seems to be 
important in estimating the risk of developing acute glaucoma. If the disease 
is manifest, it is difficult to estimate the significance of a chamber angle 
merely from the fact of its being narrow, a very narrow angle is more im- 
portant in pathogenesis than a moderately narrow angle. 

Little is known of the causes of the shallow chamber and the narrow angle. 
The lens may protrude or may be abnormally large in proportion to the 
corneo-scleral capsule. On the basis of his observations of enucleated eyes, 
Priestley Smith (1911) advanced the latter hypothesis, though during a rise 
in intra-ocular pressure a slight protrusion could also be observed—no 
measurements were made. 

Clearly normal post-operative conditions do not lead to an increase in the 
depth of the anterior chamber. The chamber depths in seven cases in this 
series were measured before and during the rise in pressure and no significant 
difference was observed. Any displacement of the lens which may occur 
seems to be invariable or to vary only slightly. An increase of the size of 
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the lens is perhaps more probable, but direct measurements of the thickness 
of the lens in vivo in acute glaucoma have not yet been made. 

By this investigation it is impossible to elucidate the structure of the 
mechanism at the onset of hypertension in eyes with a shallow chamber; there 
may be other important causative factors. 


Summary 


(1) The axial chamber depth in acute glaucoma is less than that in normal 
eyes, and is estimated at the onset of the disease to be on an average 1-70 mm. 
in males and 1-63 mm. in females, i.e. about two-thirds of the normal depth. 

(2) In binocular acute glaucoma, it is found that: 


(a) When the two eyes develop the disease simultaneously no significant dif- 
ference between the chamber depths is observed. 

(b) When the two eyes develop the disease successively the chamber depth of 
the first eye to be affected is less than that of the second eye, the difference being 
statistically significant. 


(3) In uniocular acute glaucoma, it is found that: 


(a) The chamber depth of the healthy eye is less than that in a random sample 
of eyes, the difference being statistically probable. 

(b) The difference between the chamber depths of the two eyes is statistically 
significant, the glaucomatous eye showing the greatest reduction. 

(c) The cause of this difference probably lies in an inequality between the two 
eyes which existed even before the onset of the disease. 


(4) There is a difference in the degree of predisposition in different chamber 
depths, and shallower chambers carry an increased risk of developing acute 
glaucoma. 
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CORTISONE THERAPY OF VISUAL LOSS IN 
TEMPORAL ARTERITIS 


BY 
GEORGE BENNETT 


Sunderland 


THERE is ample evidence in the literature, collated and summarized by Roux 
(1954) and Bonnet (1954), that cortisone and ACTH are, generally speaking, 
effective in reducing the duration and intensity of the disease process in 
temporal arteritis. This has now been proved by serial biopsy (Harrison, 
Harrison, and Kopelman, 1955), though early reports were inconclusive in 
this respect. It has been suggested that this treatment also inhibits further 
extension of the lesions, implying that continued therapy is essential pending 
the natural termination of the process or alternatively of the life of its 
victim. 

Although the manifestations of this disease are protean and sometimes 
fatal, visual loss is by far the commonest of those causing disablement, 
occurring in as many as 44 per cent. of cases (Roux, 1954) and being fre- 
quently total in degree; 15 per cent. of patients are said by Bruce (1949) to 
become virtually blind, and 26 per cent. by Whitfield, Cook, Evans, and 
Rudd (1953). Bonnet (1954) concluded that 50 per cent. of cases have 
ocular complications, and that 25 per cent. lose all useful vision. We 
should therefore rate the efficacy of any line of treatment primarily on its 
value in combating and restoring visua) loss. 

We must first, in any investigation into the effects of any drug on any 
disease, consider the behaviour of cases which have not had the benefit of 
such treatment. It is surprising to find that this simple precaution is fre- 
quently not observed in medical writings. On examining the relevant 
literature, we find that not all the cases annotated are, for various reasons, 
suitable for abstraction and analysis, but the following articles are worthy 
of mention. Parsons-Smith (1952) observed definite slight improvement in 
seven eyes, none in eleven eyes, and uncertain results in other eyes in cases 
of temporal] arteritis showing visual loss. Kendall (1953) found slight 
improvement in only one eye out of ten affected. Bruce (1949) in his 
analysis noted only two cases with reasonable visual recovery out of 34. 
Meadows (1954) described twelve patients with varying degrees of blindness 
in both eyes; only one eye out of the 24 showed any recovery. Thus we 
may expect some degree of recovery in a percentage of cases varying from 
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5 to 30 in different series. If we sum the cases of Parsons-Smith, Kendall, 
and Meadows, we find that nine eyes out of 52 (17-3 per cent.) showed 
improvement. 

We may now consider what hormonal therapy has to offer, in the face of 
the above figures, for this affliction. Opinions so far expressed are indefinite 
and often contradictory, and leave us without any firm or final decision. 
Franceschetti, in the discussion of a paper by Witmer (1951), forthrightly 
declaims against this form of therapy. Siegert (1952) considers it to be of © 
rather doubtful value. Whitfield and others (1953) think that cortisone 
controls the disease to some extent but that relapse will occur on with- 
drawal. Chapin and Frost (1953) believe its value to be chiefly in pro- 
phylaxis. Meadows (1954) is rather dubious about its usefulness, although 
Evans (1954) comments on his favourable impressions as regards its thera- 
peutic and prophylactic value. Roux (1954) agrees with the earlier British 
authors but would like more evidence on which to base a definite opinion. 
On the other hand, Bonnet (1954) considers hormonal therapy to be useless 
from every point of view, and is supported in this conclusion by Krysta 
(1953). A synopsis of abstractable published cases treated by cortisone or 
ACTH is given in Table I (overleaf). The column-headings are self- 
explanatory, except the last column labelled ““Type”. This refers to the 
clinical localization of the lesion to either the retinal artery in the fundus 
(“retinal artery block”’) or to the nutrient vessels of the optic nerve (“‘neu- 
ritic”’), as first described by Wagener (1946). 

Table I indicates that in twenty cases cited only nine eyes showed definite 
improvement out of the seventeen positively affected; the improvement 
could only be described as very slight in four of these. In only three eyes 
was recovery useful and subtotal. Improvement did not occur in the few 
cases which showed obstruction of the central retinal artery. Of the cases 
which improved, the delay before treatment was instituted varied from 0 to 
10 days. Among those which deteriorated, however, delays of only one 
day and 4 days are to be noted. In three patients, failure of vision in one 
eye commenced while treatment was being given for affection of the other 
eye. 

To the above the author now adds a further six cases treated with cortisone. 
4 ese are summarized in Table II (overleaf). 

Five of the author’s patients were females, and one male. Their ages 
varied between 73 and 82 years. In three cases both eyes were affected 
and in three (Cases 1, 5, and 6) only one (the reduced vision in the left eye 
of Case 5 was due to macular degenerative changes). The usual treatment 
schedule given was 150 mg. cortisone in divided doses daily for one week, 
then 100 mg. daily for one week, then 50 mg. daily for one week, and finally 
a maintenance dose of 25 mg. daily for a variable period; this dosage was 
exceeded in two cases. Delay before treatment commenced varied from 
one to 28 days. Ancillary forms of treatment with vasodilators were utilized 
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TABLE I 


PUBLISHED CASES OF TEMPORAL ARTERITIS WITH VISUAL LOSS TREATED 
WITH CORTISONE OR ACTH 
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in all cases and in addition anticoagulants were prescribed in Case 4 and 
systemic aureomycin in Case 5. A central retinal artery block was present 
in one of the eyes showing some recovery (Case 3). Whereas pain was 
relieved dramatically in all cases, the effect on vision can generally be said 
to be trivial, Thus, of the nine eyes showing visual loss, only three enjoyed 
some improvement, and in no case did this reach the level of 6/60. 

If we now add our nine eyes to those collected from the literature, we find 
some recovery in twelve eyes out of a total of 26 affected (46-2 per cent.). 
If we compare this with the proportional recovery in the cases described 
above in which cortisone was not given, we shall find a significant difference 
obtains (X2=5-94; n=1; P=-01--02). This indicates that the better prog- 
nosis in the treated cases is a rea) difference and not a chance finding. 
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TABLE Il 


AUTHOR'S SIX CASES OF TEMPORAL ARTERITIS WITH VISUAL LOSS 
TREATED WITH CORTISONE 
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Summary 


The incidence and degree of visual loss in temporal arteritis is reviewed. 
The effect of cortisone or ACTH on such cases is considered and six personal 
cases so treated are described. Analysis indicates a significantly better 
prognosis under this therapy; the final visual standard attained, though 
often very low, is undoubtedly preferable to complete blindness. 


] am indebted to the surgeons of the Southampton Eye Infirmary for their kindness in giving 
me access to their patients and records and encouragement in making this study. 
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DIFFERENT APPROACH TO THE LACRIMAL 
SAC AREA* 


BY 
T. G. WYNNE PARRY 
Bangor, North Wales 


THE USUAL approach to the lacrimal sac and the area around is through the 
standard curved incision, with the centre of the concavity about 2-3 mm. 
from the inner margin of the inner canthus. It can be termed “‘adequate”, 
although, to get a good view and to have freedom of manoeuvre, the incision 
has often to be widely stretched in all directions. Even then, one is often 
working in a fairly deep cavity difficult to illuminate and the occasional 
haemorrhage makes matters worse. 

For the past 18 months, I have been using a modification of this approach 
which seems to me to give many advantages over the standard one. 


The usual curved incision is made through the skin about | inch long and with 
the centre of the curve about 2 mm. from the inner margin of the canthus. From 
each end of this skin incision and at right angles to it, two short incisions are 
made which extend nasally for about half an inch (Fig. 1). The edges of the skin 
flap outlined are dissected loose and three single armed sutures of “0” silk are 
inserted—one through each free corner, and one through the edge of the flap at 
the middle. The sutures are left fairly long with the needles still attached and a 
small clip is put on the two ends of each. The skin flap is then dissected up to 
the limit of the nasal incisions and the flap is turned over on to the bridge of the 
nose, the weight of the three small clips keeping it well out of the way (Fig. 2). 


Fic. 1.—Incision. 


Fic. 2.—Flap of skin turned back and three 
sutures inserted. 


As the flap is purely skin and superficial to the vessels, there is little if any 
bleeding. The area now exposed allows the internal canthal ligament and the 
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whole of the “lacrimal sac area” to be well seen and dealt with with freedom 
and ease and without the necessity for the usual retraction and stretching of the 
skin incision. 

At the end of the operation, the three sutures are unclipped and inserted into 
their corresponding points on the outer lip of the curved incision, and further 
sutures can then be added between them. If necessary one or two fine catgut 
sutures can be placed in the muscle layer before the skin flap is replaced. 

Little if any scar is left, the flap falling naturally into place without having 
been exposed to stretching. 

It has been found that, although this method involves a little more work and 
slightly more suturing, the advantages of a full exposure and more working space 
amply compensate for these slight drawbacks. 





EUG iG FRTATIG 


EP AEMORIGAS 2 HEPER GFT 4 Goes 


Brit. J. Ophthal. (1956) 40, 436. 


REPORT ON 104 CASES OF GLAUCOMA 
OPERATED UPON BY GALVANO-CAUTERY 
PUNCTURE* 


BY 


R. COLLEY 
Bath 


My OBJECT in publishing this series of glaucoma operations is to draw 
attention to the galvano-cautery puncture of Preziozi (1924, 1950) in the 
hope that other surgeons will give it a trial. It is very similar to Elliott’s 
trephine operation, but is even easier to perform, and takes a much shorter 
time. 

In my report consideration is given to the result of the operation on the 
tension, together with the period of time each case has been under observa- 
tion following the operation. : 

I performed the first galvano-cautery puncture on July 27, 1950, and 
since that date all cases of glaucoma of whatever type admitted under my 
care at the Bath Eye Infirmary for operation have had a galvano-cautery 
puncture. 

In all, 121 galvano-cautery punctures have been performed on 104 eyes— 
100 by myself, and 21 by my assistant, Mr. G. Miller Neatby. 

There were 54 operations in cases of chronic simple, 34 in acute or sub- 
acute, and 33 in secondary glaucoma. 


Operation 

A local anaesthetic was used on 72 occasions, and a general on 49; the local 
anaesthetic consists of three instillations of 4 per cent. cocaine hydrochloride at 
5-min. intervals, and a subconjunctival injection of 2 per cent. procaine, with or 
without adrenaline, made above the cornea. This injection makes the operation 
quite painless and also easier to perform, as the conjunctiva is raised down to 
the corneo-scleral margin. 

The operation, slightly modified from Preziosi’s original operation, as performed 
in my clinic is as follows: 


A large conjunctival flap, as in the trephine oreration, is dissected down to the limbus 
with conjunctival scissors—the conjunctiva being held with a double No. 1 silk suture. 
The flap should extend from about 10 to 2 o’clock, so enabling the conjunctiva to be 
held well down over the cornea out of the way of the cautery. The ordinary galvano- 
cautery at red heat is passed through the limbus into the angle of the anterior chamber 
by one or more touches until aqueous escapes, when the cautery is withdrawn, the current 
switch being released at the same time. The aqueous usually escapes slowly. The 
puncture should be large enough for an iris repositor to pass easily into the anterior 
chamber. If not, the puncture is enlarged with the cautery. The iris is usually burnt. 


er | 
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Should this not occur and the.iris prolapse into the puncture hole, it should be touched 
with the cautery. I prefer the iris to be burnt at the time of the operation, as this prevents 
prolapse at a later date, as occurred in one case several days after the operation. This 
prolapse gradually enlarged, and it was necessary to dissect up the conjunctiva and 
touch the iris with the cautery. Apart from the iris there is no possibility of damage to 
the underlying structures, as the aqueous cools the cautery. The conjunctival incision 
is then closed, drops of atropine are instilled, and a pad and bandage applied. One of 
the antibiotic drops or ointments can also be instilled if considered necessary. The 
after care is the same as in the trephine operation. 


Results 


In assessing these results it should be remembered that the cases were not 
selected, but included all cases admitted under my care for operation. 

The post-operative intra-ocular pressure, unless obviously low, was esti- 
mated by a Schidtz tonometer, 25 mm. Hg or below being taken as normal. 

I think the necessity to repeat some of the operations in the chronic 
simple, acute, sub-acute cases was due either to making too small a puncture 
or to entering the sclera behind the limbus. In the latter case the long 
tunnel formed probably tended to close more easily than a short one. 


Chronic Simple Glaucoma.—54 operations were performed on 49 eyes, 
the patients’ ages ranging from 36 to 84 years. The length of time that has 
elapsed since the operation varies from 2 months to 4 years 11 months 
(average 2 years). 

Five of the cases required two operations. 

Of the successful cases (93-87 per cent.), four had no obvious bleb but 
had normal tension. 

There were three failures. One of these will require a further galvano- 
cautery puncture. The second drained well after an iridectomy was per- 
formed. The third case had refused operation 2 years previously, and the 
operation had to be performed after a sudden rise in tension; there was no 
perception of light, and 1 year and 7 months later the operation was repeated, 
but unfortunately the patient died a few days later. 


Acute and Sub-acute Glaucoma.—34 operations were performed on thirty 
eyes, the patients’ ages ranging from 45 to 81 years. The length of time 
that has elapsed since the operation varies from 2 months to 5 years (average 
2 years 2 months). 

Four of the cases required two operations. 

Of the successful cases (93-3 per cent.), six had no obvious bleb but had 
normal tension. 

There were two failures. One was not seen until 2 weeks, and the other 
om 6 weeks after the onset of the acute attacks. Neither had perception 
of light. t 


Secondary Glaucoma.—33 operations were performed on twenty-five eyes, 
the patients’ ages ranging from 15 to 87 years. The length of time that has 
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elapsed since the operation varies from 1 year 2 months to 4 years 5 months 
(average 3 years 7 months). 

There were ten cases of haemorrhagic glaucoma; of these four had two 
operations. Only two successes were recorded, one having no obvious bleb. 
The tension of these two cases has been normal for 1 year 7 months and 
1 year 9 months respectively. 

Five out of six cases secondary to uveitis were successful, four having no 
obvious bleb. One of these, a case of sympathetic ophthalmitis, had three 
operations. Another of the successful cases also had subluxation of the 
lens. The one failure eventually settled down on local treatment and the 
tension has remained normal for 8 months since treatment was discontinued. 

Two cases due to dislocation, and one to subluxation of the lens, were 
failures; the tension of the latter remains normal on pilocarpine. 

Of six cases secondary to cataract, only two were successful, and these . 
had no obvious blebs. Of the four failures, one died, one had the eye 
removed, a third (who had three operations) had normal tension after the 
lens was extracted, and the fourth failure was a woman aged 77 with hyper- 


piesis. 


Summary 
A short report on 104 cases of glaucoma operated’ upon by galvano- 


. cautery puncture has been given. 
Although the number in this series is not large, and it would be unwise 
to draw serious conclusions, this operation appears to be well worth a more 


extensive trial. 

The results in the chronic simple, acute, and sub-acute cases appear to be 
as successful as are obtained with most other operations. In secondary 
glaucoma—apart from those due to uveitis—the results are very poor. 

The operation appears to have the following advantages: 

(1) The speed with which it can be performed—a very useful point if done 
under local anaesthesia, especially in old or ill patients. 

(2) The slow escape of the aqueous when the limbus is pierced, which 
makes an intra-ocular haemorrhage very unlikely. 

(3) The ease with which the operation is performed. 
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PATHOLOGY OF THE X-WAVE OF THE HUMAN 
ELECTRORETINOGRAM* 


1. RED-BLINDNESS AND OTHER CONGENITAL FUNCTIONAL 
ABNORMALITIES 


BY 
J. FRANCOIS, G. VERRIEST, anp A. De ROUCK 


From the Ophthalmological Clinic of the University of Ghent 
(Director: Prof. J. Francois) 


MOTOKAWA and Mita (1942) discovered a subsidiary positive deflection 
preceding the b-wave of the ERG in a moderately light-adapted human eye. 
They called it “x-wave’’, but gave no interpretation of it. 

Independently of these Japanese authors, Adrian (1945) rediscovered the 
phenomenon. He established that the b-wave (which he called “‘scotopic 
response’’) is absent in red light and in a state of light adaptation, and that 
it can be isolated in blue light; it is augmented considerably by dark adapta- 
tion. On the other hand, the x-wave (called “photopic response’) is 
absent in blue light and can be isolated in red light; it should not increase 
by dark adaptation. The x-wave is more rapid than the b-wave so that 
both may be recognized together in orange light. 

Adrian (1946) showed that the x-wave may be demonstrated in animals 
with a rich cone-population (monkey, pigeon) and not in animals with few 
or no cones (cat, rabbit, guinea-pig). 

Amongst the few contributions concerning the x-wave which have ap- 
peared in recent years, those of Schubert and Bornschein (1952), Armington 
(1952), Armington and Schwab (1954), Armington and Thiede (1954), and 
Auerbach and Burian (1955) are the most important. Schubert and Born- 
schein showed that, whereas the culmination time of the b-wave increases 
with the wave length of the stimulus, that of the x-wave remains constant 
and equal to 50-70 millisec.; the latency time is equal to 25-30 millisec. 
Armington (1952) demonstrated that the x-wave is augmented by dark 
adaptation, but that the maximum amplitude is already reached after 
1 minute; its spectral sensitivity does not correspond to the subjective 
scotopic or photopic curves, but has a maximum for a wave length of 
630 mz. Armington and Thiede (1954) showed that either the x-wave or 
the b-wave may be selectively reduced in amplitude if the eye is adapted to 
light of which one electrical component or the other possesses greater 
sensitivity. Auerbach and Burian (1955) emphasized the relationship 
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between the x-wave and the a;-wave, already described by previous authors; 
the modifications of the x-wave and of the other components of the ERG 
during dark adaptation are precisely described. 


Technique and Normal Appearance of the X-Wave 

We used a frontal electrode and Karpe’s contact-lens as the corneal 
electrode. They were connected to an ink electro-encephalograph. We 
used three time-constants (1-0 sec., 0-3 sec., and 0-1 sec.) with very similar 
results. The records were obtained after sufficient dark adaptation to 
ensure a scotopic b-wave of constant amplitude. A neon lamp provided 
constant light-flashes of very short duration (<0-02 sec.) and regulatable 
frequency. This light contains only wavelengths larger than 570 my and 
has an orange hue. 

The distance of the eye-lamp is 18 cm. and the angular field-diameter 
subtended by the light-source is 45°; the patient looks at the centre of this 
field. Each flash has an energy value of about 0-1 joule. As measured 
with the slow-reaction Gossenluxmeter (which has a spectral sensitivity 
similar to that of the photopic human eye), the mean pupillary illumination 
E (lux) is related to the frequency of stimulation n (flashes per second) 
according to the approximate formula: E =4n. 

With this technique and with normal subjects (Fig. 1, opposite) the b- 
wave of an isolated response has an amplitude of 125-250 uV and an 
average culmination time of 80 millisec. In some cases a duplication 
of that positive deflection can be seen: the subsidiary, most rapid component 
has a culmination time of 40 millisec. However, in most cases, the x- 
wave becomes distinct only for stimulus frequencies of 2-4 cs. The 
amplitude of that x-wave lies between 25 and 60 nV at 2 cs. Ata higher 
frequency, namely in the vicinity of the objective flicker fusion rate, two 
types of records can be obtained according to the predominance of the 
photopic or the scotopic responses. 


Protanopia and Protanomaly 

Schubert and Bornschein (1952) and Armington (1952) have already 
reported the absence of the x-wave in protanopia, the former in two cases, 
and the latter in three cases. Protanomaly has not hitherto been studied 
in this respect. 

We have studied six cases of protanopia and six cases of protanomaly.* 
For investigating these subjects, the pseudo-isochromatic tables of Ishihara, 
Polack, and Stilling were used and further study of the cases was done with 
Nagel’s anomaloscope and, subsidiarily, with Farnsworth’s panel D-15. 
The depression of the spectral sensitivity in the long wave-end was estimated 
as follows: 


* We are indebted to M..V. Mortier of the Ghent Psycho-Medico-Social Centre, sponsored by the Belgian Ministry 
of Education, who provided most of the subjects for this study. 
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Fic. 1.—Dark-adapted normal subjects. 

(a-c) Electroretinographic responses to constant flashes of orange light, isolated (left) or of 
increased frequency (right). 

(a) No demonstrable x-wave in an isolated response; the x-wave is apparent for frequencies of 
2, 4, and 6 cs.; the fluctuating response to high-frequency stimulation is of the scotopic type. 

(b) No demonstrable’ x-wave in an isolated response; clear-cut x-waves are apparent for fre- 
quencies of 2, 4, and 6 cs.; the fluctuating response to high-frequency stimulation is of the 
photopic type. 

{c) Ae apparent even in an isolated response; photopic type of response to high-frequency 
stimulation. 

(d) Comparison, in the same subject, of the response to an isolated flash of orange light (left, 
x-wave demonstrable) and of the responses to white light-stimuli of increasing frequency (right, 
no appearance of x-wave; Karpe’s lamp). 


From the luminance-level needed to read letters corresponding to a visual 
acuity of 0-3 in monochromatic light of 660 my was subtracted the luminance- 
level needed to read the same letters in white light. The result was further cor- 
tected by subtracting the average vz'ue of the results obtained from subjects with 
normal colour-vision. 


All the protanopes showed characteristic and more or less identical 
features in all these experiments; the results for the protanopes are given in 
the Table (overleaf). All the subjects were males; the normal Rayleigh- 
equation with our anomaloscope is 35-5/17; the results with Farnsworth’s 
dichotomous test are obtained by reference to. the number of “protan- 
parallels”. 
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TABLE 
COLOUR-VISION OF SIX PROTANOPES 





Anomaloscope Farnsworth’s 


Panel D-15 Depression 
Spectr. Sensib. 





Age ae 
(years) Moat Position! — Quotient 
9° —— of Anomaly | 





mp 
| (log-log) 


Test Retest 





0-70 1(% 0 : 
0:31 
0-27 . 


5 
“95 
8 
0-16 5 
0-14 75 
accepts from “extreme 
65 to 35 | protanomaly” 


2 





In all twelve cases of protanopia and protanomaly, similar electroretino- 
graphic records were obtained, which were distinctly different from the 
normal: no appearance of the x-wave could be demonstrated, whatever the 
frequency of the stimulus used, in even the mildest cases of protanomaly 


(Fig. 2a, b). 


(a) PROTANOPE 


te. Isec. 
Odsec. 


(c} TYPICAL ACHROMAT 
te Olsec 


= SOV 


Fic. 2.—Electroretinographic responses to flashes of orange light in a protanope (a), a pro- 


tanomalous subject (6), and a typical achromat (c). The subjects were dark-adapted. Not the 
Slightest appearance of the x-wave for all frequencies. Scotopic type of response to high- 


frequency stimulation. 
Other Congenital Functional Abnormalities 
Schubert and Bornschein (1952) found a normal x-wave in a case of 


deuteranopia. In a case of congenital hemeralopia, the characteristics of 
the x-wave were also norma) (culmination time 50-60 millisec.; latency time 


25-30 millisec.), but the b-wave was absent. Armington and Schwab (1954) 

















X-WAVE OF HUMAN ELECTRORETINOGRAM 443 





obtained similar results. Other types of electrical responses have been 
described in congenital hemeralopia, but the exact diagnosis of these cases 
is doubtful. 

Armington (1952) noted a normal x-wave in cases of deuteranopia and 
congenital tritanopia. 

Vukovich (1952) found the x-wave totally absent in a typical case of 
achromatopsia. 

We shall refer only very briefly to our findings, because their essential 
features have already been published (Frangois, Verriest, and De Rouck, 1955, 
1956). Like Vukovich, we noted the lack of x-wave in three typical 
cases of congenital achromatopsia (Fig. 2c). The electrical response for 
an isolated stimulus was normal, but the rate of objective critical flicker 
fusion was lowered. 

In three cases of congenital essential hemeralopia, and in one case of 
Oguchi’s disease, we obtained characteristic electroretinographic records; 
the scotopic b-wave is not apparent, so that the x-wave is the only positive 
deflection; its culmination time (70-80 millisec.) is in accordance with that 
of the x-wave in normal subjects (Fig. 3). 





| | HELL Fic. 3.—Electroretinographic _res- 
ee ponses to fiashes of orange light in a 
subject with Oguchi’s disease. 
t 4 Essentially electro-negative response 


HANTTT) with a positive inflection after 70 


millisec. x-wave. 












































Summary 


(1) A technique for the clinical study of the x-wave of the human 


electroretinogram is described and its normal characteristics noted. 
(2) The x-wave seems to be absent in protanopia and in protanomaly, 


even in very slight cases. 

(3) The x-wave is not demonstrable in typica) achromatopsia. 

(4) The b-wave was not demonstrable, but the x-wave was present in our 
cases of essential hemeralopia and Oguchi’s disease. 
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CONGENITAL OCULAR MOTOR APRAXIA 
A FORM OF HORIZONTAL GAZE PALSY* 


BY 


HOWARD REED anp SYDNEY ISRAELS 


Children’s Hospital, Winnipeg, Manitoba, Canada 


COGAN (1952) has recently described an unusual congenital anomaly and 
suggested that it should be called “‘congenital ocular motor apraxia”. In 
this disease all forms of vertical conjugate movements are normal, but 
lateral conjugate rotations of the eyes show abnormal features. Voluntary 


lateral gaze from the primary position to look at an object at one side is 
performed by a movement of head and eyes characteristic of the disorder. 


The head is jerked towards the object whilst the eyes rotate in the opposite 
direction. This contrary ocular rotation is presumably due to an un- 
inhibited response to the vestibular reflex. When the head has turned 
beyond the object and fixation is possible, both the eyes and the head are 
straightened to look at it. Involuntary lateral movements are normal. 


Delayed walking, slight defects in coordination, and difficulty in reading 
also seem to be associated phenomena. 

Cogan (1952) described four children with this anomaly, and Alfano (1955) 
has recorded another patient who may be an example of the same disease 
although there were a few differences in his case. We here describe the 
case of a child similar to those reported by Cogan. 


Case Report 


A Jewish boy aged 5 had shown abnormal eye movements since infancy. These had 
been recorded accidentally by his parents on an 8-mm. home ciné film (Fig. 1). The 
peculiar movements had gradually become less frequent but they still occurred particu- 
larly when he was frightened or ill at ease. His sense of balance had always been un- 
certain and, when walking through doorways or turning corners, he was liable to bump. 
into the wall. This was especially apt to happen when his attention was diverted, so that 
his parents took care not to call him when he was about to enter a doorway or make a turn. 
The child sat up at one year, walked at 19 months, and began to talk at about the 
age of 24 years. All his ‘‘milestones” of development were later than those of his 
brother and somewhat later than the average. The parents were normal and not related 
to each other, and had one other elder son who was normal. There were no ocular 
abnormalities in the family. The pregnancy and birth of the patient were normal. 


Examination.—He was a fit boy and no abnormality was detectable. Examination of 
his eyes revealed no anomaly apart from the unusual movements of head and eyes. His 
pupillary reactions and ocular fundi were normal. Refraction under cycloplegia showed 
him to have 2:5 dioptres hypermetropic astigmatism in each eye. The corrected acuity 
was 20/20 in each eye measured by the rotating E test. 

The ocular movements on looking up and down were normal. He was able to follow 
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(a) roo 


Fic. 1.—Sequence of ciné pictures from a film taken by the parents at about the age of one year 
showing apraxic movements. The baby was looking to the left when his attention was attracted 
to the front. 

(a) Baby looking left. : ; 

(b) Head rotating to right and eyes rotating to left. 

(c) Head facing front but eyes still looking left. 

(d) Head rotated to right and eyes looking left. 


(e) Head still facing right and eyes now almost looking front. 
(f/) Head and eyes looking front. 


the movement of a light to each side without difficulty, but when he was asked to look at 
an object to one side or when an object was suddenly moved into his peripheral field he 
appeared to toss his head to that side. On most occasions the rotation of the eyes in 
the direction opposite to the movement of the head was masked by closing the eyelids 
(Fig. 2), but occasionally the characteristic contrary conjugate ocular rotation was seen. 
When he was rotated in a swivel chair his eyes moved in a direction opposite to that of 
his head and body. Convergence was normal. 
The skull x rays were negative. 


(a) : (6) (c) : (d) 
Fic. 2.—Sequence of ciné pictures from authors’ film. 


(a) Head and eyes looking left. 

(6) Head beginning to rotate to the front with the eyes rotating to the left. 
(c) Eyelids closed. 

(d) Head and eyes facing front. 


Electro-encephalogram.—Dr. Michael G. Saunders of the E.E.G. Laboratory, Winnipeg 
General Hospital, reported as follows: 
Two electro-encephalograms were taken. In both there was evidence of diminished « activity 


on the left side. Some slow spike forms were also present in the posterior areas on both sides. 
Photic stimulation produced bilateral, equal, and normal responses in the occipital areas. There 
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was no evidence to suggest an abnormality in the frontal areas, but some indications of involve- 
ment of subcortical systems associated with the occipital areas (Fig. 3). 


To Average 


[sopv one sec,| gi8|71 7 


Fic. 3.—Electro-encephalogram tracings. 


Psychology.—Mr. K. G. Howard, of the Child Guidance Clinic of Greater Winnipeg, 
gave the following psychological report: 


The boy was clean, neat, and well-dressed at the time of the interview. He accompanied the 
examiner to the office without hesitation and held his hand while in the hall. When walking, 
the boy tended to sway from side to side with each step he took. During the test the boy was 
responsive and cooperative, appeared reasonably at ease at all times, was able to sustain atten- 
tion quite well, showed no marked distractability, and appeared interested in the test items. 
The Revised Stanford-Binet Intelligence Scale, Form L (1937 revision) was administered. 

ResuLts Chronological Age: 5 years 0 months 
Mental Age: 5 years 4 months 
LQ. 107 


The boy successfully completed all items at the 4-year level and failed only ‘‘three commis- 
sions’’ at the 4 years 6 months level. In this test the child is required to do three simple tasks 
in sequence without confusion or error. At Year 5 all parts were correct except “‘definitions”’. 
At Year 6 he gained credits on three items and failed in the vocabulary, bed chain, and mutilated 
pictures items. In the last the subject is shown pictures in which important parts are missing 
and he is required to name the missing part. When asked to give the examiner different numbers 
of blocks he was able to respond correctly when asked for three, nine, and seven blocks, but 
gave the wrong number when asked for five. He was able to discriminate between pictures when 
asked to pick out one which was different from the others in a group, and was able to complete 
an elementary maze satisfactorily. He was able to draw a square adequately, but his coordina- 
tion appeared poor when he attempted to string beads, and he dropped beads on the floor twice 
when trying to place them on the string. All items were failed at the 7-year level. The I.Q. 


obtained falls in the average range. 


Ciné Recording.—A hundred feet of 16-mm. film was used in an attempt to record the 
eye movements, but each time the pictures showed the eyes beginning to rotate in the 
opposite direction and then the closure of the lids (Fig. 2). 
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The early film (Fig. 1) demonstrated the rotation of the head beyond the desired 
direction with lagging of the eyes as if they were being dragged round. In the later film 
there was marked improvement in coordination and the head never overshot the direction 


of the object of gaze. 


Discussion 
Kestenbaum (1947) distinguished four types of gaze movement: 


(1) Schematic or command movement, which is entirely voluntary. 

(2) Optically elicited movement, which may be either voluntary or reflex 
in nature. 

(3) Follow movements, which also may be either reflex or voluntary in type. 

(4) Vestibular movement, which always occurs reflexly. 


In our patient, in the cases of Cogan (1953), and possibly in the patient 
described by Alfano (1955), the first two types of movement were absent 
and the last two types were present. This corresponds to the acquired type 
of horizontal gaze palsy classified by Kestenbaum as the Oppenheim type. 

In our case the pregnancy and labour were normal. Two.of Cogan’s 
cases were normal but the other two had features which may be significant: 
convulsions and signs of intracranial damage occurred in one infant after a 
prolonged labour; the mother of the other child was comatose for 12 hours 
during the second month of pregnancy as a result of carbon monoxide 
poisoning, and the child was born with cerebral palsy. None of the cases 
had a family history of any similar condition. 

Alfano recorded the case of a boy with a condition which he has termed 
“spasm of fixation”. In this case voluntary rotation to a lateral position 
of gaze was performed in the following manner: 

The eyes were first half closed and then both the eyes and the head were rotated 
upwards and laterally to the desired position. 


This was a first pregnancy and the mother had polyhydramnios. After a 
precipitate labour no cyanosis occurred but the child was found to have 
an occipital meningocele or encephalomeningocele, and this was removed 
at the age of one month. The presence of an occipital meningocele would 
suggest some atrophy of the underlying occipital cortex. Nevertheless, after 
a review of the literature and some discussion, Alfano concluded that the 
lesion was more likely to be due to “damage to the frontal oculogyric centres 
resulting from haemorrhage from the superior sagittal venous sinus incident 
to birth trauma”’. 

All four of Cogan’s cases were boys, as were Alfano’s and the case 
described above. Whether this is of significance cannot be determined until 
reports of more cases appear. 

Cogan and Adams (1953) reviewed the few reported cases of acquired 
ocular motor apraxia and described two adults who developed eye move- 
ments similar to those of the congenital type. In these acquired cases, the 
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jerky head movement characteristic of the congenital type was absent and 
both head and eyes were apraxic. One followed a post-partum thrombosis 
of the anterior part of the sagittal sinus, and the other was due to a tumour — 
in the right fronto-parietal region. In all these cases, damage to the cortex © 
and subcortical areas of the fronto-parietal region occurred. 4 

Alfano suggested that since voluntary ocular movements, particularly 
lateral rotations, appear to be initiated in Brodman’s Area 8 of the posterior 
end of the second frontal convolution, this particular defect of ocular move- | 
ment may be related to a congenital defect of this area. Experimental and 
clinical findings suggest that in each hemisphere this centre is responsible 
for movements to the opposite side. Since the defect is bilateral, on 
theoretical grounds it would seem that there was defective development of 
Brodman’s Area 8 or its immediate connexions on both sides. 

In our case, however, the electro-encephalogram indicated a lesion in the 
posterior region of the brain and Alfano’s cases certainly had some damage ~ 
to the occipital cortex. Moreover, adjacent to the visual cortex is an. 
optomotor area (Brodman 18) which is believed to be associated with the 
involuntary fixation reflex. 

These cases, however, did not exhibit an isolated anomaly. In addition 
to the defect of lateral gaze, they all had defects of coordination and delayed 
development. It seems therefore that these children suffered from scattered 
foci of cortical damage. 

Perlstein (1955), Breakey (1955), and other authors have reported a high 
incidence of gaze palsies in children with cerebral palsy. It is possible, ~ 
therefore, that congenital ocular motor apraxia is related to certain types of 


cerebral palsy. Pathological and clinical studies of cerebral palsy cases 
may elucidate the site of the lesion in this condition during the next few 


years. 
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COMMUNICATIONS 
SPONTANEOUS REGRESSION OF RETINOBLASTOMA* 


BY 
J. K. STEWARDf#, J. L. S. SMITH, AND E. L. ARNOLD 
From the Departments of Ophthaimology, Child Health, and Pathology, Manchester University 


_ Because children with tumours of the eye form such a small proportion of 
patients attending ophthalmic clinics the true incidence of cancer in child- 
“hood may not be realized by many ophthalmologists. With the steady 
decrease in deaths from bacterial infections, malignant disease has assumed 
a relatively greater importance in paediatric practice, and is now the third 
“commonest cause of death in children over the age of one year, being 
exceeded only by accidents and respiratory infections (Registrar-General, 
954). 

The place of retinoblastoma amongst the tumours of childhood may be 

' judged by a study of the Table which shows the frequency of the various 
"types of neoplasm in 165 cases recorded by the Children’s Tumour Registry 
_ of the Departments of Child Health and Pathology, Manchester University, 
' during the 2 years ending September 1, 1955. All these patients were under 
_ 15 years old and lived in a region containing approximately one million 


: children. 
TABLE 





Leukaemia 

Central nervous system tumours ie 
Sympathetic nervous system tumours 
Lymphoid tumours .. 

Sarcomata (other than lymphoid) 

Wilms’s tumours ‘ Sc 
Teratomata 

Retinoblastomata Re eI ae | 
Miscellaneous ... oe se pact eas 





Total 165 





Only two of the eight children who had retinoblastomas had a family 

istory of the disease; these two were brothers and this communication is 

ncerned with them and with the occurrence of the disease in their relatives. 
Case Reports 


Case 1, a boy aged 2 was stated to have been well until September, 1954, when he was 
ticed to have a squint. 3 weeks later the following observations were made: 


Examination 
Right Fundus: A large yellowish mass on the temporal side. : 
Left Fundus: A small nodule in the upper nasal quadrant of the retina. 
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On September 30, 1954, the right eye was enucleated, Since then two more foci have 
appeared in his left eye, and these have been treated with radon and diathermy. 

Histological Findings.—The specimen comprised a right globe with a small white 
tumour mass floating in the anterior chamber. There was a funnel-shaped retinal 
detachment with a large underlying coagulum containing smal) seedling nodules. Micro- 
scopically the latter were composed of typical retinoblastoma cells. In the retina a 
diffuse neoplasia had left little surviving normal tissue but had not produced localized 
tumour masses of any size. Several detached tumour nodules were present in the 
vitreous and a few in the anterior and posterior chambers, Rosettes were not evident. 
‘The optic nerve appeared to be free from tumour. 


Case 2, an infant 4 days old (brother of Case (), was first seen on January 17, 1955. 


Examination 


Right Fundus: Two greyish masses were observed, the larger almost obscuring the disc, 
the smaller a short distance below, adjacent to the temporal vessels. 


Left Fundus: Normal. 


He was admitted to the Manchester Royal Eye Hospital on March 19, 1955, when it 


was found that the tumours in the right eye had increased in size and that a small growth 
was present in the left retina. On March 28, 1955, the right eye was enucleated and the 


growth in the left eye was treated with diathermy. 

Histological Findings.—There was a shallow, incomplete retinal detachment, mainly. 
posterior. Adjacent to the optic nerve were two small oval nodules of retinoblastoma, 
while a third independent nodule lay on the nasal equator in the main. horizontal 
meridian. Rosettes were plentiful. 


Family History 
The parents stated that several relatives on the father’s side had been affected 


by the disease. Two reports on this family, one by Griffith (1917) and the other 
by Bride (1923) have appeared in the literature, and it was also cited by Griffith 
and Sorsby (1944). In addition, we interviewed a great-aunt who had cared for 
the family and an aunt who was unaffected by the disease but had seen several of 
her siblings suffer from it. The family tree brought up to date is shown in Fig. | 
(opposite) ; the second generation (as shown by us) omits one stillbirth. 

It will be noted that the disease apparently started in the paternal grandmother 
({, 2), who had only one eye affected. The other members of the family who 
inherited the disease had bilateral growths. The family tree indicates that the 
predisposition to retinoblastoma was inherited as a dominant characteristic—the 
grandmother being heterozygous in that respect. The noxious gene was passed 
on to five of her children (II, 1, 3, 4, 5, 7), but almost certainly missed one of her 
daughters (II, 2) who has five surviving unaffected children (IIT, 1, 3, 5, 6, 7). 
One cannot be so sure about a son (II, 6) as he has only one child (III, 8). 

In interpreting the inheritance in this family, the experience of Falls and Neel 
(1951) is relevant. They showed that members of a retinoblastomatous family, 
even though their fundi are normal, may pass the disease on to their children. 

The eyes of all surviving descendants were examined by us, and three showed 
ocular abnormalities: 


Case 3, a boy aged 9 (III, 6), has a right marginal lens coloboma. 
Case 4, a man aged 38 (II, 6), has a left total cataract. Projection of light is only 
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, | Bilateral retinoblastoma (mate) © Unilateral retinob! (f 


Bilateral retinoblastoma (male) L) Unaffected males 
metastatic death 


6 Bilateral retinoblastoma (female) O Unaffected females 


Fic. 1.—Family tree showing the inheritance of retinoblastoma. 


moderate, suggesting the possibility of a retinal defect. The cataract is stated to have 
been present for many years. Bride ({923) records that at the age of 5 his eyes were 


normal apart from a squint. 

Case 5, a man aged 37 (II, 7), father of Cases 1 and 2, was a full-term infant; at the age 
of 2 weeks it was noticed by his sister that his pupils were of different colours and that 
the right pupil had a white spot in it. When he was a few months old he was seen by 
Bride who found a typical retinoblastoma in the right eye, and some months later the 
left eye also contained a tumour. During the child’s first year of life the right eye 
watered and gradually shrivelled up, but it was never acutely inflamed. The case was 
demonstrated by Bride to the North of England Ophthalmological Society in 1922 when 
the child was just 3 years old; by that time the left eye had been quiescent for 21 months. 
No x-ray treatment was given. 

He was admitted to Henshaw’s Institute for the Blind when he was 5 years old as his 
sight was so poor that he required special training. He was examined by an ophthal- 
mologist at the age of 6 and it was noted that he had atrophy of his right eye and his 
left fundus showed “central choroiditis”. He was re-examined at the age of 14 when 
it was again noticed that the right eye was atrophied and the left fundus showed “‘central 
choroiditis with disseminated choroiditis”’. 

He married and had a daughter; she is now 11 years old and her fundi are normal. 

He subsequently married again—this time a woman who had two normal children by 
her first husband—and his two children by this second marriage are Cases 1 and 2. 


Examination.—He was first seen by us in October, 1954, when he was 35 years old. 


Right Eye: Phthisis bulbi. _ : : 
Left Eye: Vision 6/60 not improved. Nystagmus. Anterior chamber no abnormality. 
Media clear. 
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The fundus showed a large clear-cut area of chorio-retinal atrophy adjacent to the 
disc on the temporal side. This was apparently flat, apart from a few small pigmented 
patches in the lower part which appeared to be excavated. The only other feature in 
the atrophic area was in the upper temporal quadrant where the choroidal vessel pattern 
could be seen; at its lowest point the vessels showed slight dilatation as they converged. 
Normal retinal vessels passed across on the front of the dead white surface. In the upper 
nasal quadrant there was a circular raised mass greyish-yellow in colour with a smooth 
outline. This was bordered below by the upper nasal retinal vessels. There was a 
vessel passing up on to the surface of the mass at its peripheral border. Between these 
two lesions was a discrete chalky-white clump of material, lobulated and protruding 
forwards. In some parts the outline was clear-cut, in others indistinct. It appeared to 
be a small mass of calcification. The remainder of the fundus was normal. The 
appearance of the eyes is shown in Fig. 2, and the left fundus in Fig. 3 (opposite). 


Fic. 2.—Case 5, aged 35, 
showing right phthisis 


bulbi. 


Several attempts to detect calcification in the left eye by x rays were unsuccessful, though 
a small amount of calcification would have been difficult to detect owing to the coarse 
nystagmus. X rays of the skull also failed to show any calcification. 

As the right eye was useless and unsightly, it was enucleated on December 7, 1954. 

Histological Findings.—The globe was markedly shrunken with an elliptical cornea 
which measured only 4 mm. vertically. Occupying the centre of the globe, internal to 
the choroid, were scattered clumps of calcified tumour cells. They lay in fibrous tissue 
and near a few of them some bone formation had occurred. In the clumps, especially 
towards their peripheries, the individual cell elements were clearly recognizable. One 
could even appreciate the nuclear pattern in some pyknotic cells. A caricature of the 
rather erratic system of small spaces normally seen in these tumours (the result of 
individual cell necrosis) could still be clearly made out (Fig. 4, opposite). 
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Fic. 3.—Left fundus of Case 5, aged 35 years. 


Fic. 4.—Phthisical right eye of Case 5, showing scattered groups of calcified retinoblastoma 
cell and some bone formation. 45. 
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Review of the Literature 


We have found in the literature fifteen cases of spontaneous regression of retino- 
blastoma in which the evidence both for the diagnosis and for the regression appears 
satisfactory. 

Knieper (1911) reported a boy in whom a diagnosis of bilateral retinoblastoma was 
made in 1899, when he was 10 weeks old. The right eye was glaucomatous and was 
removed immediately. Histological examination confirmed the presence of a retino- 
blastoma. The parents refused permission for the left eye to be removed and the child 
was not seen again until 1910 when he was found in a home for the blind. His parents 
stated that 2 months after enucleation of the right eye the left began to enlarge and the 
child was in continual pain. One morning they noticed that the eye had got much 
smaller overnight. It discharged for several days and then became dry. From the age 
of 5 months to 11 years its condition remained unchanged, apart from an intermittent 
discharge of pus. When Knieper examined the patient in 1910, she found no evidence 
of, growth in the right orbit. On the left side there was a shrunken globe, the 
cornea ,was opaque, and the child was blind. The parents refused permission for this 
eye to be removed. Martin and Reese (1936) stated that permission for enucleation 
of the phthisical eye was obtained, but there is no mention of this in Knieper’s 
article. 

De Kleijn (1911) recorded the case of a girl first seen at the age of 8 months when a 
diagnosis of right-sided retinoblastoma was made. This eye was enucleated and showed 
retinoblastoma histologically, the tumour having invaded the optic nerve as far as the 
line of section. Retinoblastoma in the left eye was diagnosed 5 months later, but no 
treatment was given as the prognosis was considered hopeless. During the next 5 years 
the left eye became blind without pain or inflammation. At the end of that time de Kleijn 
examined the patient and found no sign of growth in the right orbit. The left eye was 
shrunken and was therefore enucleated. It contained darkly-staining heaps of necrotic 
calcified tissue, in places partly surrounded by bone. In the periphery of these heaps 
the original structure of small cells could be seen though the centres were formed by 
fused compact masses. The photomicrographs of this eye correspond to those of the 
eye removed from our Case 5 (see Fig. 4). 

Siegrist (1912) reported a boy who had his right eye enucleated in 1910 at the age of 
34 years. This eye was examined histologically and showed a retinoblastoma with 
extensive necrosis and calcification. The left fundus showed a dark grey area of five 
disc diameters in the macular region, in which there were prominent white shiny masses, 
lobulated below but map-like above. The child appeared able to see‘but his visual 
acuity could not be accurately determined. By 1912 there had been little change apart 
from the fact that the white areas had atrophied somewhat and become more intensely 
white. The macular area could now be seen as a weak ring reflex and an intensive 
central punctate reddening corresponded to the fovea. The visual acuity was 0-6. 
This patient was referred to by Axenfeld (1918) and again by Siegrist (1920); he had 
remained well and his fundus was unaltered. Siegrist’s original article contains colour 
pictures of the fundus. 

Purtscher (1915) described a family in which there were three children who died of 
retinoblastoma in two generations. In addition, two members of the family, a woman 
of 30 and a boy of 5 years, showed abnormalities of the fundi. The woman’s left eye 
had a large central lesion, somewhat raised and of a yellowish-white colour. A temporal 
vein disappeared beneath it while several vessels emerged from it, giving the impression 
sometimes of arising in pits. A second opinion by Prof. Fuchs, whom Purtscher consulted, 
was “choroidal atrophy after complete regression of glioma”. In the right eye a small 
atrophic area was situate on the course of the inferior vein towards the periphery. In the 
boy’s left eye there was a large defect of the central fundus occupied by an opaque, grey- 
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yellow swelling with a girdle of chorio-retinal atrophy. The right eye showed a smaller 
grey lesion above and nasal to the disc, lying between the vein and artery. 

In 1917 Salzmann examined a woman whose left eye had been removed for retino- 
blastoma when she was 2 months old. There is no mention of any histological confirma- 
tion of the diagnosis. At the age of 23 years her right eye showed a peripheral area of 
choroidal atrophy bearing a central dark green patch on which there were flecks of 
calcification (Fuchs and Salzmann, 1933). 

The case of von Hippel (1928) was that of a boy who had his right eye removed in 1891 
when he was 5 years old. A clinical diagnosis of retinoblastoma was made but there is 
no record of any pathological examination of the enucleated eye. The boy’s left eye 
was said to be normal in 1891, but apparently he did not have an examination under an 
anaesthetic. At a further examination in 1925 there was a vitreous haze and the retina 
showed, below the macula, an oval discoloured zone from which projected a shiny white 
structure with a knobbly surface on which there were some red spots; some of these 
were seen to be due to collections of small vessels. 

Stallard (1936a) reported the case of a man born in 1903 whose left eye had been 
removed for retinoblastoma at the age of 14 months—the diagnosis being confirmed 
histologically. The right eye had been similarly affected but operation had been refused. 
During an attack of scarlet fever at 4 years of age the right eye gradually cleared. In 
1934 the fundus showed two irregularly-shaped pale areas of retinal atrophy along the 
course of the upper and lower nasal branches of the central retinal vessels. There was 
some pigmentary disturbance. This man’s two sons developed bilateral retinoblastoma: 
the elder was treated with radon seeds and in 1955 was alive and well; the younger had 
extensive bilateral growths. Attempts were made to inoculate the younger boy with 
scarlatinal streptococci when he was 5 months old, but he failed to develop the disease. 
He was then given a course of injections of Globenil* and after each injection an inflam- 
matory reaction developed in the right conjunctiva. During this time the left eye 
gradually collapsed, but the coutse of the disease did not seem to be altered and the 
patient eventually died of intracranial extension. 

Hine (1937) described two cases—father and son. The father had had his left eye 
removed for retinoblastoma at 2 years of age, and at that time his parents refused enuclea- 
tion of the other eye. When he was 42 years old his right eye showed a patch of choroidal 
atrophy in the centre of which was an indistinct raised pink area. No calcification was 
seen. He had five sons, three of whom were known to have retinoblastoma. A fourth 
son was thought to be unaffected until, at the age of 16, Hine found an area of choroidal 
atrophy in both eyes; in the centre of each was a raised grey area and in the right eye 
this grey area contained calcified deposits. Hine (1944) gave an account of the subse- 
quent history of this patient; he had married and one of his children had developed 
bilateral retinoblastoma. Hine’s original article contains excellent illustrations of these 
fundus appearances. 

Fuchs (1943) saw an 8-year-old boy who had had one eye removed for retinoblastoma 
6 years previously; in the periphery of the fundus of the remaining eye there was a dis- 
coloured area containing crumbly white masses. 

Wiistenberg (1950) reported two cases. The first was that of a boy who, at the age 
of 3 years, had his left eye enucleated for retinoblastoma, the diagnosis being confirmed 
histologically. The right eye contained two typical nodules but received no treatment. 
One of these nodules was flat and the other projected into the vitreous. 8 years later the 
spherical nodule had become more translucent and a fleck appeared to be breaking away 
from it; the other was unchanged. The second case was that of a boy born in 1938. 
At the age of 9 months a diagnosis of bilateral retinoblastoma was made. The right eye 
contained a spherical prominence extending far into the vitreous. At 22 months the 
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left eye was removed for glaucoma and the diagnosis proved histologically. Examination 
9 years later showed no change in the remaining eye except for a chalk-like deposit at the 
tip of the prominence. 

Seuss and Stutz (1951) described the case of a boy in whom bilateral retinoblastoma 
was diagnosed when he was 34 years old. The blind right eye was enucleated and shown 
to contain a‘cellular retinoblastoma with many mitoses; the left eye exhibited a nodule 
of three discs diameter in the upper nasal quadrant. The child was well and the socket 
healthy 7 years later. In the upper peripheral fundus of the left eye lay a well-demarcated, 
glaring white area of slight prominence looking like a small cloud cumulus and mimicking 
a healed choroiditis. It was surrounded by a bluish-grey zone which could not be seen 
to its peripheral limits and which contained a second bright white disc-shaped area in 
its lower part. This latter was about three dioptres prominent and temporally it joined 
with several smaller, partly confluent, grey-white areas of lesser prominence. Between 
these two main areas ran a large tortuous vessel. A further vessel climbed up directly 
from the papilla to branch in a tortuous fashion over the raised region. The whole 
occupied an area of some six to eight discs diameter and was irregularly demarcated, the 
transitidnal zone being formed by very small chalky flecks. In the nasal periphery was 
a second, smaller area, 2 dioptres prominent, made up of small white discoloured areas; 
a delicate vessel, slightly tortuous, branched over the region. 

Sovik (1952) reported a family of nine, six of whom had bilateral retinoblastoma. 
They were the children of a poor white farmer in Ohio. Their mother had a shrunken 
left eye, blind since childhood, and the grandmother had been told that this was due to 
“‘cancer” in the eye. Unfortunately, examination of the mother proved impossible, her 
refusal to co-operate being emphasized by threats supported by a shotgun. 


Discussion 

In the cases described the diagnosis of spontaneously regressed retino- 
blastoma has been based on four types of evidence: 

(a) A family history of the disease. 

(b) A clinical diagnosis of bilateral retinoblastoma with removal of one eye 
only (usually with histological proof) followed by arrest of the growth 
in the other. 

(c) A fundus picture corresponding to that of verified cases. 

(d) Calcified tumour cells in phthisical eyes. 

It will be appreciated that (a) and (5) or a combination of them, can only 
be available in exceptional circumstances. A family history is relatively rare 
in retinoblastoma—probably less than 5 per cent. of all cases (Vogel, 1954). 
If enucleation of a second eye is refused, recourse to irradiation or diathermy 
will modify the natural history of the disease. 

One can recognize three main elements in the fundus appearances: 


(1) Discoloured raised areas in the retina, sometimes showing a lobulated 
or map-like pattern. 

(2) Chalky-white patches indicative of calcification. 

(3) Areas of chorio-retinal atrophy, usually forming a background for 
the tumour remains. 


These three elements may be superimposed (as in Hine’s second case) or 
separate (as in our case). Thus one must envisage the possibility that 
certain of these neoplasms, even of considerable size, may heal, leaving a 
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clinical picture indistinguishable from a patch of old choroiditis. However, 
the disappearance of retinal vessels over part of their course, and their 
emergence, apparently de novo, in the middle of an atrophic area, as occurred 
in Purtscher’s case (Fig. 5), would seem to be peculiar to healed retino- 
blastoma. The difficulty of making the diagnosis after the tumour has 
regressed (especially in the non-familial unilateral growth) may partly 
account for the small number of reported cases. It may well be that this 
phenomenon is more common than has hitherto been supposed. Twelve 
of the patients in whom the growth regressed were boys and four were girls. 
Most series show that retinoblastomas occur approximately equally in the 
two sexes. It would be very difficult to say whether this sex disproportion 
in arrested cases was significant, not only because of the small numbers 
recorded but also since they are all in a selected minority of retinoblastomas, 
i.e. the bilateral and/or familial cases. 


Fic. 5.—Left fundus of case described by Purtscher (1915), showing disappearance 
and emergence of vessels in large central lesion. 


The prognosis in retinoblastomas treated by irradiation and/or enucleation 
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is better than in any other malignant disease in childhood. Hope of spon- 
taneous regression, therefore, should never influence our treatment, as one 
cannot foretell in any particular case whether there is a chance of this occur- 
ring. Although four of the reported cases of regression (Hine, 1937; 
Purtscher, 1915) occurred in two families, this cannot be interpreted as 
evidence that the ability to overcome the tumour is an inherited characteristic. 
Two brothers of our Case 5 (II, 1 and 4) died of a recurrence of the growth, 
and there are several other instances of death from the disease in the relatives 
of those in whom it has regressed. 

The knowledge that the growth may be destroyed by some unknown 
factor is of considerable theoretical interest. This interest is increased by 
the knowledge that neuroblastoma sympatheticum (a tumour showing 
histological and histogenetic similarity to retinoblastoma) may also undergo 
spontaneous regression (Cushing and Wolbach, 1927; Gross, 1953; Bodian, 
White, and Jaco, 1955). 

The role of x rays as a curative agent in retinoblastoma is incontrovertible. 
However, in a few children in whom the growth has regressed after irradia- 
tion, one cannot be certain how much the treatment contributed to the 
favourable result. The following three cases received doses of x rays, 
apparently less than is generally considered necessary for a cure. 


(1) Meller (1915) described the history of a boy who presented signs of bilateral 
retinoblastoma at the age of 4 years. Enucleation being refused, only two treat- 
ments with x rays were given (dose not stated), and 2 months later glaucoma 
necessitated removal of the right eye, which contained an exophytic growth with- 
out rosettes. Three nodules in the other eye continued to increase slightly during 
the next 2 years. When the patient was 9 years old the nodules had become 
flattened and looked like atrophic patches of choroiditis but contained calcified 
masses. The child could see and was in good health. 


(2) Seefelder (1926) reported a child whose right eye was enucleated at the age 
of 14 years and found to contain a tumour with rosettes. The left eye was treated 
with three doses of x rays, and 7 years later the child was alive and well with a 
chalky-white mass over the disc. 


Neither Meller nor Seefelder considered that the irradiation had contributed 
to the final result. 


(3) The well-known case of Verhoeff (1952) was that of a man who had had 
his right eye removed in 1917 when he was 17 months old. The tumour contained 
many rosettes. The left eye contained three nodules and was treated with eight 
sub-erythema doses of x rays; 34 years later, the patient, who had developed 
a limited posterior polar cataract subsequent to treatment, had good central 
vision. Verhoeff put his case forward in support of the use of small doses of 
x rays. 


One must recognize, therefore, that the growth of some retinoblastomas 
may be arrested after small doses of irradiation, and that these may be 
examples of spontaneous cure. In the above three cases which received 
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small doses of x rays the histology of the contralateral eye suggested that 
the tumours were of neuro-epitheliomatous type or, at any rate, of focal 
character and predominantly exophytic—a triad of features tending to be 
found in combination. Of the cases which regressed without irradiation, 
only those of Knieper (1911) and de Kleijn (1911) had detailed histological 
descriptions; in each, rosettes were present in the tumour of the other eye. 

The age at which arrest occurred may be roughly estimated in some of 
the recorded instances. In de Kleijn’s patient regression took place some 
time between the ages of 1 and 6 years. The case of Siegrist (1912) showed 
very little. change between the ages of 34 and 5 years, remaining stationary 
thereafter. In the two patients reported by Wiistenberg (1950) the growth 
remained stationary from the ages of 9 months and 3 years respectively. In 
our case growth had almost certainly ceased by the age of 15 months. In 
those cases observed while regression was occurring, the fundus picture 
continued to alter slowly over a few years. Most of these changes must, how- 
ever, be attributed to the processes of repair. 

The vast majority of retinoblastomas are diagnosed in the first 4 years of 
life, and are not uncommonly present at birth (our Case 2 had a definite 
tumour when he was 4 days old). As we have seen, in all cases of spon- 
taneous regression where it was possible to estimate the time of arrest, the 
growth had become static by the age of 6. Since the cells of these neoplasms 
are of embryonic type, conditions may perhaps become less favourable as 
the body develops so that the tumours cease to grow. However, hypotheses 
on these lines cannot provide a complete explanation. Retinoblastomas 
behave differently in the same patient as regards their rate of growth and 
also in their time of appearance. In the cases of Lindenfeld (1913) and 
O’Connor (1917) the tumours regressed in one eye and continued to grow 
and eventually fungate in the other. Hosch (1888) gave an account of a 
34-year-old boy with advanced retinoblastoma in the right eye and a small 
area of neoplasm round the left disc; the latter appeared to remain static 
during 6 months of observation prior to death from exhaustion. The eyes 
were removed immediately after death: the right globe was full of tumour 
which had spread widely in the orbit; in the left eye the tumour was confined 
to the region of the papilla and the adjacent portion of the optic nerve. 
Evidence of this kind would indicate that the growth potential is in large 
measure a function of the individual tumour. 

The fact that these tumours may occur later in life is of some significance 
in considering the mechanism of regression. Rychener (1948) reported a 
woman who developed a retinoblastoma when she was 33 years old. The 
growth developed on the scar of an old choroiditis. Schreck, in the dis- 
cussion following a paper by Meisner (1951), cited the case of a patient 
who developed a retinoblastoma in the right eye at the age of 2 years. The 
left eye remained apparently normal until she was 19 years old when severe 
visual disturbance drew attention to a retinoblastoma in it. One wonders 
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if these late neoplasms are not examples of arrested growths which have 
become re-activated: particularly such cases as Rychener’s, which arose on 
an old choroidal scar. 

Since the arrest of the growth may occur in both eyes, it is unlikely to be 
due merely to accidental ischaemia or reactive inflammation. In some 
cases of spontaneous regression phthisis bulbi resulted, while in others some 
sight was preserved without shrinkage of the eye. To the best of our know- 
ledge our Case 5 is the first patient to be reported in whom bilateral regres- 
sion has led to one phthisical and one sighted eye. Assuming the same 
mechanism in both eyes, the final result must be related to the degree of 
ocular disorganization at the time of arrest; it is unlikely that the destruction 
of the tumour is secondary to the phthisis bulbi. In de Kleijn’s case some 
tumour had been left in the proximal cut end of the optic nerve, but regres- 
sion occurred even after the growth had escaped from the eye. 

The possibility that an acute febrile illness could cause arrest of the 
growth is suggested by the history of Stallard’s case. The sister of our 
Case 5 stated, on direct questioning, that he had had no such illness during 
the first year of life. 

There is some evidence to support the hypothesis that regression may be 
caused by the development in the patient of a humoral resistance to the 
tumour, and that this resistance is not merely a function of the eye but is a 
more generalized tendency. This would account for regression in bilateral 
growths and also, as in de Kleijn’s patient, in tumour tissue which had 
escaped into the orbit. Jt is more difficult to see how this hypothesis could 
explain cases in which the tumour in one eye regressed while that in the 
other later grew and fungated (vide supra). One would have to postulate 
either that the resistance waned or that one of the growths had the power 
to overcome it. We have used the word “resistance” rather than “im- 
munity” because the latter might imply that retinoblastoma could stimulate 
the production of oncolytic antibodies. This is a possible explanation, but 
as far as we know, one that lacks support. If the hypothesis of a humoral 
resistance to the growth is the correct one it seemed possible that the ‘electro- 
phoretic pattern of plasma proteins in our Case 5 might be altered. How- 
ever, we found this to be normal. 

Much experimental work in animals has been done to try to elucidate the 
mechanism of induced immunity to various neoplasms, Animals normally 
susceptible to tumour transplants may be made resistant to them. Snell 
(1953) gives a review of the subject. It would be difficult to prophesy 
whether these experiments will ever provide the explanation of regression of 
human growths. They do, however, show that induced immunity to 
tumours is not such a rare phenomenon as the study of neoplasia in man 


might suggest. 
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SPONTANEOUS REGRESSION OF RETINOBLASTOMA 


Summary 
Two brothers suffering from retinoblastoma are described and the in- 
heritance of this disease in their family is traced. Evidence is brought 
forward to show that their father suffered in infancy from bilateral retino- 


blastoma which regressed spontaneously. 


The literature of the spontaneous regression of retinoblastoma is reviewed. 
The mode of regression is discussed. 


Our thanks are due to Mr. P. L. Blaxter for permission to publish these cases, to Dr. R. G. W. 
Ollerenshaw of the Department of Medical Illustration, to Mr. H. B. Stallard for supplying 
details of his case, to Messrs. Walter de Gruyter and Co., Berlin, for permission to reproduce the 
fundus drawing by Otto Purtscher (Fig. 5), and to Prof. A. C. P. Campbell, Prof. W. F. Gaisford, 

’ Mr. O, M. Duthie, and Dr. E. Paterson for their help and encouragement. 
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COMBINED FORMS OF CONGENITAL COLOUR 
DEFECTS* 


A PEDIGREE WITH ATYPICAL TOTAL COLOUR BLINDNESS 


BY 
R. A. CRONE 


University Eye Clinic, Amsterdam 
(Director; Prof. A. Hagedoorn) 


THERE exist rare cases of monochromatism in which the characteristic 
symptoms accompanying typical total colour blindness are lacking. In 
such cases visual acuity is normal, nystagmus and photophobia are absent, 
the pupillary reactions are normal, the macula lutea exhibits no ophthal- 
moscopic anomalies, and the luminosity curve is not scotopic. 

It has often been supposed that cone function is absent in typical, but 
present in atypical monochromatism, and atypical total colour blindness is 
hence called “cone monochromatism”. This term is misleading, first 
because it has not been definitely proved that cone function is totally absent 
in typical total colour blindness,{ and secondly because it is not yet clear 
whether the functional disturbance in atypical total colour blindness is 
located in the cones or in some other structure. 

Atypical monochromatism is a very rare condition, of which only twenty 
or thirty cases have been reported in the literature. Although most of these 
case reports are incomplete, the group of persons with atypical total colour 
blindness does not seem to be homogeneous. Some cases are due to an 
acquired cerebral disturbance (K6nig, 1891; Rohrschneider, 1928; Schober, 
1948), others to a combination of congenital red-green blindness and 
acquired tritanopia (K6nig, 1891, in a protanope; Kéllner, 1909, in a 
deuteranope), and others are probably congenital. in the cases of Pitt 
(one, 1944), Sloan (one, 1946), and Weale (three, 1953), the maximum of 
the luminosity curve was shifted in the short wavelength direction, approxi- 
mating to the protanopic luminosity curve. 

Pitt (1944) considered his patient to be a congenital protanope and tr- 
tanope. Weale (1953), who discovered his patients with the aid of a pub- 
lished inquiry, believed that, in his patients, the disturbance occurred on a 
higher, post-receptoral level. This was because the luminosity curves did 
not coincide with those of protanopes, and also because the investigation 
of Fincham (1953) of the role of chromatic aberration in the accommodation 


* Received for publication December 29, 1985. a 
+ Walls and Heath (1954) have advanced the hypothesis that in typical total colour blindness the function of the 
*“blue””’ receptors is still intact. 
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reflex suggests that, in Weale’s subjects, 
colour differentiation did exist in the 
retina. 

Genetic data about “cone mono- 
chromatism” are extremely rare, but in 
a few cases colour vision defects appear 
to be familial. Raehlmann (1899) des- 
cribed a subject with a protanopic son; 
Vierling (1928) reported a patient with a 
completely colour-blind uncle; Weale’s 
subject J. G. was a compound heterozy- 
gote for protanomaly and deuter- 
anomaly. : 

Hylkema (1943), who examined a 
subject who is further analysed below, 
wrote that one son was protanopic 
and the other deuteranopic. This 
female ““cone monochromate” would 
thus have to be a compound hetero- 
zygote for protanopia and deuteranopia, 
and consequently akin to Weale’s 
patient J. G. 

Theoretical discussions of the ast 
two of these cases by Walls (1955) are 
of considerable interest, although this 
author was unfortunately misled by 
errors on the part of Hylkema (1943), 
whose findings, which were recorded 
when both sons were still very young. 
have not been substantiated in the 


present investigation. More probably 


our case of atypical monochromatism 
(Case 2 (lI, 10), below) was due to 


a combination of deutero-defects and 
trito-defects. Other atypical colour 


vision disturbances, which could be 


equally well interpreted as combin- 
ations of congenital colour vision 


defects, were discovered in the same 


family (Fig. 1). 
Fic. 1.—Pedigree chart. 
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Method of Examination 


In nearly all the subjects, the following tests of colour vision were done as 
routine: 


(1) The plates of Ishihara (1943, Nos. 1-25) and the last four plates of Stilling (1936, 
Nos. 31-34) which are concerned with blue discrimination. Later, through the kindness 
of Dr. W. D. Wright, I also had at my disposal for the same purpose the pseudo- 
isochromatic plate of Farnsworth, with which Wright (1952) had been able to discover 


many cases of tritanopia in a mass examination. 


(2) Further investigation of colour vision was conducted with the modified anomalo- 
scope (Crone, 1955). Routine examination included: 


(a) The Rayleigh equation.* 

(6) An equation for tritanomaly, a mixture of green (0-513) and blue-violet (0-455) being 
matched with desaturated blue (0-480,).f 

(c) The threshold of wave-length discrimination in yellow (0-590) and in blue (0-480,). 

(d) Determination of relative brightness of green (0-530) and red (0-650) with the flicker 
photometer. This ratio is computed for a spectrum of equal energy, and is referred 
to below as the “luminosity quotient’. The quotient is, for normal individuals, 
about 7-8, with a fairly broad spread. It is much higher for colour vision disturbances 
of the proto-group, lower for the deutero-group. Heterozygous women with normal 
colour vision may often have an abnormal luminosity quotient (Schmidt, 1934; de 
Vries, 1948; Walls and Mathews, 1952). The figures for the luminosity quotient are 
given with some reserve since the clinical value of this quotient has not yet been tested 
on a large number of normal individuals and persons with typical colour vision 
disturbances. 


(3) In special cases, routine examination was supplemented with the following deter- 
minations: 


(a) Enumeration of various spectrum colours. 

(b) Determination of the neutral point in the spectrum. 

(c) Determination of the entire luminosity curve. 

(d) Determination of the entire wavelength discrimination curve. 

(e) Determination of the purity discrimination curve (for first step from white). 


(4) The visual field for colour was also determined in two cases. 
Pedigree 
The pedigree of this family of Dutch nationality is shown in Fig. 1. The 


data on colour vision are set out in the Table (opposite). The following 
six cases require special consideration: 


Case 1 (II, 5) Colour Amblyopia.—No peculiarities seen in routine ophthal- 
mological examination. Both eyes had a visual acuity of 5/5 and were emmetropic. 
The visual fields for red and blue were limited concentrically to less than 10° of 
the centre (objects of 1 cm.? at 30 cm. distance). Dark adaptation was normal. 





* In order to be independent from the source of light used, the ratio is given, for each subject, between his red-green 
mixture and the mean normal red-green mixture which could be matched with yellow. When a subject adjusts the 
left control of the anomaloscope at p units, while n is the normal adjustment of the Rayleigh equation, the quotient 
obtained is: 

os 73—p 
73—n Pp 
According to Trendelenburg (1943), the quotient for deuteranomaly varies between 2 and 5, and for protanomaly 
between 0°13 and 0°6. : 5 ‘ 
+ The result is expressed as a quotient. A high value indicates tritanomaly or yellow coloration of the eye media. 
t Colour temperature of the white matching field: 5,000° K. 
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The patient had not been aware of any disturbance in colour vision. The colours 
of a collection of coloured pieces of paper were identified correctly as long as the 
saturation level was not too low. Only a few of the Ishihara plates were read 
correctly. The errors typical of subjects with red-green disturbances were not 
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usually made. In the plates for the 
discrimination of proto-and deutero- 
disturbances, sometimes the red figure 
was not seen, and at other times the 
purple figure was missed. The Rayleigh 
equation and the equation for tri- 
tanomaly were normal, though with an 
enlarged adjustment width. There vas 
no pathological contrast; yellow, when 
placed next to red or green, was called Page ae 
whitish-yellow in both cases. There WAVELENGTH (my) 
was no neutral zone in the spectrum. Fig. 2 (c).—Purity discrimination curve for first 
All the spectrum colours were well step from white of Case 1 (II, 5) and 
identified; the white comparison field normal curye. 
was always seen as white. The wavelength discrimination was greatly re- 
duced over the entire spectrum, with a minimum in green (Fig. 2a). 

The luminosity curve was shifted somewhat to the right; the luminosity quotient 
was 4-4 (Fig. 25). 

The discrimination of differences in saturation, measured for the first step 
from white toward spectrum light, was lowered over the entire spectrum. The 
shape of the curve was similar to the normal (Fig. 2c). 
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Case 2 (II, 10) Atypical Monochromatism.—No peculiarities seen in routine 
ophthalmological examination. Both eyes had a visual acuity of 5/5 (+0-5D Cyl., 
axis vertical). No nystagmus or photophobia. Rapid pupillary reactions to 
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light. Normal fundi, normal visual fields for white. The dark-adaptation curve 
was normal and exhibited the characteristic kink after 6 min. (pre-adaptatio 
with 2,000 lux.). 

The patient had never been able to , 
visualize colours. She believed that 
she could differentiate a few colours, 
but spoke only vaguely about “dark” 
and “light” colours. 

Not one of the plates of Ishihara, 
Stilling, and Farnsworth was identified, 
rightly or wrongly. In the colour 
apparatus, each spectrum colour could 
be matched with white. The lumino- 
sity curve, determined with the flicker 
photometer, showed a shift of the maxi- WO S00 a OO BS 
mum to the right (Fig. 3); luminosity WAVELENGTH (my) 


quotient 4. Fic. 3.—Luminosity curve of Case 2 (II, 10) 
and normal curve. 





SENSITIVITY 








ae 1 





Case 3 (II, 11) Colour Amblyopia.— 
No signs of abnormal ocular pigmenta- 
tion in macula or lens. No peculiarities seen in routine ophthalmological examina- 
tion. Visual acuity normal. Many mistakes were made in the Ishihara plates, 
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No neutral zone in the spectrum; white comparison field always seen as white. 

Wavelength discrimination lowered over the entire spectrum (Fig. 4a). The 
luminosity curve of this subject (Fig. 4b) was the only one in this pedigree to 
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Fic. 4 (a).—Wavelength discrimination curve 
of Case 3 (II, 11) and normal curve. 
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exhibit a shift to the left. Although the subject, aged 44, was a poor observer, 
the data recorded here were later substantiated in a re-examination. 


Case 4 (II, 18) Tritanomaly.—No peculiarities seen in routine ophthalmological 
examination. Visual acuity normal. Farnsworth plate and Stilling’s plates 33 
and 34 not read; no errors in the Ishihara plates. Rayleigh equation normal; 
very large adjustment width in tritanomaly equation. No neutral zone, but 
wavelength 0-575 was “‘nearly white”’. 


Enumeration of spectrum: 
0:440-0:540z: “blue” 
0:540-0:570u: “green” 
0-575: ‘‘yellow, nearly white” 
0-610: “light red” 
0-630: ‘‘red” 


Wavelength discrimination greatly lowered in blue and green (Fig. 5); luminosity 
quotient normal. 
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Case 5 (III, 4) Tritanomaly.—No peculiarities seen in routine ophthalmological 
examination. Visual acuity normal. Only No. 32* among the Stilling plates 
was recognized; one mistake was made in the Ishihara plates. Tritanomaly 
equation 1-5; normal equation not accepted. Rayleigh equation normal. Wave- 
length discrimination curve exhibited moderate disturbance in blue and green 


(Fig. 6). 
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Case 6 (III, 11) Incomplete Monochromatism.—Alternating convergent strabis- 
mus; visual acuity for both eyes 5/5 (Sph. +4 D); normal fundi. Only the first 
Ishihara plate was ready correctly, and the confusion numbers were mostly not 
read. Of the Stilling plates only No. 32* was recognized. In the colour ap- 
paratus the entire spectrum could be matched with white, but on larger sheets of 
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coloured paper the colour was usually given correctly. There was, therefore, 
total colour blindness in a small, central visual field. The data necessary to 
establish the nature of the colour vision for a larger visual field were lacking. The 
low luminosity quotient showed that the maximum of the luminosity curve was 
shifted slightly to the right. 


Discussion 
I shall endeavour to disentangle the genetic connexions among the 
various forms of colour blindness which appear in this family. 


Case 1 (II, 5) is the best starting point; this woman had three children (III, 
4, 5, 6): 

(1) A daughter with tritanomaly (Case 5: III, 4) and a low luminosity quotient, thus 
being perhaps heterozygous for a deutero-defect. 

(2) A son with deuteranopia (III, 5). There can be no uncertainty about this 
diagnosis in view of the presence of a neutral zone, a (not pictured) wave- 
length discrimination curve with one minimum, and a low luminosity quotient. 
This man has a broad adjustment width in the tritanomaly quotient, which is 
not usual in classical deuteranopes, and, for simple deuteranopia, a somewhat 
low wavelength discrimination in blue. We shall have to ascribe to him, 
besides a factor for deuteranopia, a factor for a trito-defect. 

(3) A daughter who is normal (III, 6) and, judging from the normal luminosity 
quotient, not heterozygous for a deutero-defect. 


From this it follows that Case 1 (II, 5) is probably heterozygous for 
deuteranopia, and possesses at the same time a factor for trito-defect, which 
must be assumed for other members of her family. This tallies with her 
clinical picture in so far as the trito-factor is concerned; it is true that the 
tritanomaly quotient does not exhibit any important deviation from the 
normal, but there is severe reduction of blue-green colour discrimination. 
The deutero-factor appears to be less certain: in a heterozygote for deutero- 
defect, one would expect a normal red-green discrimination, but this subject 
has a major disturbance in red-green discrimination, as testified by the many 
errors made in the Ishihara plates. She cannot be a deuteranope, since 
there is no neutral point in the spectrum, and the hue discrimination curve 
has two minima instead of one. Deuteranomaly is just as unlikely, since 
the Rayleigh equation is normal. With reference to the red-green dis- 
crimination, this subject can be considered to be an incomplete deuteranope, 
a transitional form between normal trichromatism and deuteranopia. This 
is a direct transition, not by way of the stage of anomalous trichromatism. 
In accordance with the theory of Young-Helmholz: “There is no change in 
the spectrum sensitivity of the system of “green” cones, but only a lowering 
of the sensitivity”. 

The presence of a trito-factor seems to be responsible for the intermediate 
character of the otherwise recessive deuteranopia gene in this respect. This 
is only a hypothesis, but it receives support from Jaeger (1951), who described 
two sisters who were both non-allelic compound heterozygotes for 
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protanopia and deuteranomaly. One was phenotypically tritanomalous 
and slightly-deuteranomalous, the other phenotypically protanopic. Here 
also genes for red-green disturbance had probably lost their recessive 
character through the presence of a trito-factor. 

Subject Il, 7, a sister of Case 1 (II, 5), is phenotypically deuteranopic. There 
can be no doubt about the diagnosis, since there is a neutral point in the spectrum 
and the hue discrimination curve has one minimum. She has two typically 
deuteranomalous sons (III, 9 and 10) and two normal daughters (III, 7 and 8). 


The mother is therefore homozygous for deutero-defects; since her sister 
has a factor for deuteranopia and her sons are deuteranomalous, her 
genetic composition is, in all probability: deuteranopia-deuteranomaly. 
Clinically, she ought to have been deuteranomalous, following the rule that 
the gene for anomaly dominates over the gene for dichromatism. One can, 
as in Case 1, accept the influence of a trito-factor, which increased the 
expressivity of the deuteranopia gene, although for the rest the trito factor 


remains latent. 


Case 4 (II, 18) has an isolated trito-disturbance. Since he is not a true tritanope 
(there is, among other factors, no neutral point) I have called the disturbance 


tritanomaly, although the normal tritanomaly equation was accepted, and the 
subject might as well be called an incomplete tritanope. 


There are differences from, but also important similarities to, the classical 
cases of Engelking (1925). The fact that Case 4 has a deuteranomalous 
son (1H, 19) is of no significance for this pedigree, since this deuteranomaly 
must be derived from his mother (IT, 19). 

Case 2 (II, 10), the most prominent subject of this pedigree, with atypical or 
cone monochromatism, derives her remarkable colour vision defect from a 
combination of deutero- and trito- defects. 

Since she has one devteranomalous son (III, 12), phenotypically she 
herself should be tritanomalous-deuteranomalous, which, following a simple 


addition sum, can never result in total colour blindness, For this, one 
would a priori expect a combination of tritanopia and deuteranopia. We 


have seen in Case [ (II, 5), and perhaps also in Subject Il, 7, that a trito- 


factor can increase the penetrance of a gene for deutero-disturbance; besides, 
the presence of tritanopia is not at all improbable in view of the varied 
manifestations of trito-defects in this family. 

Case 6 (III, 12) has colour discrimination for larger colour surfaces, but his 
vision is monochromatic when examined in the colour apparatus. 

We may regard this bolour defect as incomplete atypical monochromatism. 
Genotypically we may assume a deutero-defect (deuteranopia or deuter- 
anomaly) and a less marked trito-defect than that of his mother (Case 1: 
Vi, 10). 
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Case 3 (II, 11) resembles Case 1 (II, 5) in many respects. There is a severe 
disturbance in the red-green discrimination, although the defect cannot be classified 
as dichromatism. or anomaly, and the blue-green discrimination is also severely 


disturbed, indicating the presence of a trito-factor. 


This patient differs from all the other members of the family by a high 
luminosity quotient, such as exists in proto-disturbances. If a factor for 
proto-disturbance is present, it is not discernible from whence it is derived; 
if the factor had come from the father (I, 4), one would expect a high 
luminosity quotient in the subject’s sister (1], 12) also; if it had come from 
the mother (I, 5), one would expect a higher luminosity quotient in the 
mother. It seems, however, that a shift in the luminosity curve (“Schmidt’s 
sign”) is not invariably present in proto-heterozygotes*. In the present 
state of our knowledge it is perhaps advisable to regard Case 6 (II, 11) asa 
heterozygote for protanopia with an associated trito-defect. 

Now that a schematic picture has been devised for the genetic connexions 
of the various colour vision defects which appear in this pedigree, more can 
be said about the transmission of the trito-disturbances. 

The familial incidence of tritanomaly originally suggested a recessive sex- 
linked transmission (Hartung, 1926), but Kalmus (1955) proved that tri- 
tanopia was due to one or more autosomal dominant genes. He studied 
the tritanopic subjects of Wright (1952) and their tritanopic relatives; there 
were 29 tritanopic males and eighteen tritanopic females, a sex incidence 
which is compatible with neither recessive nor dominant sex-linkage. There 


were no consanguineous marriages. Our own dafa are in accordance with 


the findings of Kalmus. The trito-defects of this pedigree must be due to 


a dominant gene with incomplete manifestation. In many cases, perhaps, 


this gene remains completely latent, in others it can cause light tritanomaly 
(Case 5: Ill, 4) or severe tritanomaly (Case 4: Il, 18); in special cases it 


may. even give rise to tritanopia (? Case 2: II, 10). 


Summary 
A pedigree is described which includes: 


Two cases of tritanomaly; 

Two cases of deuteranopia, and three of deuteranomaly: 

Two cases of atypical monochromatism, and two of colour amblyopia 
(with reduced colour discrimination over the entire spectrum). 


_The cases of atypical monochromatism and colour amblyopia are con- 
sidered to be combination forms of trito-defects and red-green defects, 


1am indebted to G. L. Walls of Berkeley, California, who urged a renewed investigation of 
Hylkema’s patient, to P. J. Waardenburg of Leyden for his advice in the genetic sphere, and 
to M. A. Bouman of Soesterberg for calibrating the apparatus. 





* Walls (Personal communication). 
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HISTOPATHOLOGICAL STUDIES OF EYES 
ENUCLEATED AFTER FAILURE OF INTRA-OCULAR 


ACRYLIC LENS OPERATIONS* 
BY 
REDMOND SMITH 


Department of Pathology, Institute of Ophthalmology, University of London 


SINCE Ridley (1951) described his operation, there has been considerable 
interest and speculation about the possible reaction of the human eye to 
the presence of an acrylic lenticulus. The clinical impression has been that 
a certain amount of irritation occurs, as evidenced by frequent iridocyclitis 
and almost invariable pigment disturbance, but a difference of opinion 
appears to exist as to the seriousness of these features and as to whether they 
are caused by trauma at operation, by the irritating mechanical effect of the 
presence of an intra-ocular foreign body, by the plastic material itself, or 
by the liberation from the plastic material of previously absorbed antiseptics. 

Despite a wealth of clinical contributions (Arruga, 1951; Charamis, 1952; 
Anton, 1953; Arruga and Arruga, 1953; Cavara and Ciotola, 1953; Jonkers, 
1953; Silvan Lopez, 1953; McLean, 1953; and many other authors), descrip- 
tions of histopathological material are scanty. Theobald .(1953). described 
a slide she had seen of one of our specimens and gave her opinion that the 
inflammatory response was most marked around the site of the lenticulus 
and was “‘an answer to the insult of the irritating acrylic lens”. This view, 
however, remains speculative, and many workers in the field of orthopaedic 
surgery report excellent tolerance of acrylic material by the tissues (Judet 
and Judet, 1952; Cherry, 1953; Bingold, 1954; Heck and Chandler, 1954). 
Henrichsen, Jansen, and Krogh-Poulsen (1952) found that acrylic monomer 
was highly toxic to animal tissues, but that methyl methacrylate (Metex) 
was tolerated with no inflammatory response. Finlay and Romaine (1954) 
described two small pieces of iris removed from eyes containing acrylic 
lenses and reported a non-specific round cell infiltration, slight in degree 
and accompanied by fibrosis. 

Nine eyes enucleated following the acrylic lens operation have now been 
examined in this department. One was received in 1952, two in 1953, three 
in 1954, and three in 1955. Eight of the specimens originated from sources 
outside London and the remaining one from the London area. None was 
received from the Moorfields group of hospitals. It is not possible, there- 
fore, on the basis of these cases, to give a statistical estimate of the failure 
Tate as compared to that in conventional) cataract extraction, since the 
number of satisfactory cases, which is probably considerable, is not known; 


* Received for publication March 27, 1956. 
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nor is this the purpose of the present work, the aim of which is merely to 


describe the histo-pathological appearances of the specimens together with 


brief comments in conclusion. 


‘ 


Case Reports 
Case 1.—The lens was inserted after extracapsular extraction of a traumatic cataract. 


The eye was enucleated 2 months later following iritis, seclusio pupillae, and an hypopyon. 
The lens could not be removed from the specimen since it was firmly embedded and 
had to be dissolved in chloroform. Sections showed the space bounding the lens to be 
occupied by a pseudo-capsule of fibrous tissue in which many inflammatory cells in- 
cluding eosinophils and giant cells were present. This fibrous mass was adherent to the 
iris anteriorly and to the remnants of the cataractous lens posteriorly. The iris showed 
a well-marked disturbance of its pigment layer, a mild focal reaction was present in the 
choroid, and there was perivasculitis retinae and oedema of the optic disc (Fig. 1). 


Fic. 1.—Anterior segment of eye of Case 1. Note fibrous pseudo-capsule (c) for 
the Ienticulus which has been removed. ( x4.) 


Case 2.—An iris prolapse was abscised 6 days after an extracapsular extraction with 
lenticulus implant; a large haemorrhage occurred and enucleation was carried out 
6 weeks later. 

Sections showed marked infiltration of the region of the corneal wound with eosino- 

phils, epithelioid cells, and round cells, and much fibrous tissue was present on both 
sides of the iris, across the pupil, and in the form of a pseudo-capsule for the lenticulus, 
This tissue was markedly infiltrated with inflammatory cells including eosinophils and 
contained numerous macrophages filled with pigment from the disrupted posterior 
pigmented layer of the iris. Perivasculitis retinae with a peripapillary retinal detachment 
was also present and a moderate inflammatory cell infiltration was present in the uveal 
tract (Fig. 2, opposite). 
Case 3.—Panophthalmitis was diagnosed 36 hours after an extracapsular extraction with 
implant; a haemolytic streptococcus was recovered from the conjunctival sac. The eye 
was enucleated a month after operation, the acrylic lens having been extruded sponta- 
neously shortly before. 

Sections showed an unhealed limbal wound. The anterior chamber was filled with 
blood, pigment-laden macrophages, inflammatory cells including polymorphonuclears, 
eosinophils, and giant cells. A dense cyclitic membrane was present in which there 
were incorporated remnants of the cataractous lens, the iris was almost totally destroyed, 
inflammatory cell infiltration was evident in the remainder of the uveal tract, being most 
marked anteriorly, and the retina showed rerivasculitis (Figs 3 and 4, opposite). 
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Fic. 2.—Equatorial portion of lenticulus 
“‘bed”? of Case 2. Note dense mass of 
fibro-inflammatory tissue (f), distur- 
bance of posterior pigmented-cell layer 
of iris (p), and imperfect healing of inner 
aspect of cataract section (s). ( x 58.) 


m 
Fic. 4.—Eosinophil (e) and pigment-laden 
macrophages (/m) in inflammatory exudate in 
anterior chamber of Case 3. (x 795.) 


Fic. 3.—Giant cells in inflammatory exudate 
in anterior chamber of Case 3. ( x 480.) 


Case 4.—Approximately 3 months after cataract extraction and lenticulus implant, the 
lenticulus was removed because of intractable cyclitis. This persisted and the eye was 
enucleated a month later. 

Sections showed a mild inflammatory reaction of a non-specific character, disruption 
and migration of the pigment layer of the iris, keratic precipitates, iritis, and a cyclitic 
membrane. Eosinophils were present in small numbers near the base of the iris and in 
retinal perivascular infiltrates. The retina also showed moderate oedema. 


Case 5.—The eye was enucleated for intractable iridocyclitis 34 months after extra- 
capsular extraction and lenticulus implant. 

Sections showed the anterior chamber to be almost obliterated and the filtration angle to 
be closed. A thin layer of fibrous tissue covered the anterior and posterior surfaces of 
the iris, occluded the pupil, and formed a pseudo-capsule for the acrylic lens. _ Disruption 
and migration of the posterior pigment of the iris was well marked, and dense deposits 
of the pigment were present in the pupillary membrane. Eosinophils and giant cells 
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were present but not very numerous near the remnants of the cataract lying behind the 
site of the acrylic lens. Retinal oedema and perivasculitis were present (Fig. 5). 


Fic. 5.—Photomicrograph show- 
ing densely pigmented membrane 
occluding pupil in Case 5. ( x 35.) 


Case 6.—One month after extracapsular extraction and lenticulus implant for traumatic 
cataract, iris bombé developed and the lenticulus was removed. This was followed 
by an appearance of epithelial downgrowth, and radiotherapy was given, but flare and 
keratic precipitates persisted and the eye was enucleated 5 months after the original 
operation. Sections showed fibrous tissue in the filtration angle and anterior chamber, and 
on the anterior and posterior surfaces of the iris, but no intra-ocular conjunctival epithe- 
ium was seen. The posterior pigment layer of the iris showed disruption and migration, 
many eosinophils were present in the fibrous membranes, and a retinal perivasculitis in 
which plasma cells predominated was also evident (Fig. 6, opposite). 


Case 7.—The acrylic lens was removed from this eye because of glaucoma 19 months 
after its insertion. The eye was enucleated soon afterwards. 

Sections showed considerable fibrous tissue formation in the anterior segment of the 
globe with occlusio pupillae and iris bombé. Plasmacytoid cells and polymorphonuclear 
eosinophils were numerous in a widespread uveitis, pigment from the posterior layer of 
the iris was scattered over its anterior surface and in the region of the occluded filtration 
angle, the retina was degenerate, and the optic disc was cupped. 


Case 8»—An iridectomy was pérformed because of glaucoma 5 months after an extra- 
capsular extraction and acrylic lens implant. The condition was not relieved and the 
blind painful eye was enucleated 20 months after the original operation. 

Sections showed the usual dense fibrous pseudo-capsule, which was partially displaced 
towards and adherent to the distorted ciliary processes on one side. No reaction was 
present in the vicinity of the quite bulky cataractous remnants. The anterior chamber 
was largely obliterated by proliferating fibrous tissue containing many inflammatory 
cells, and a mild diffuse uveitis was present in which a few eosinophils were evident. 


Case 9.—After the insertion of an acrylic lens this eye developed secondary glaucoma 
and iritis. A dense membrane necessitated retrolenticular capsulotomy and the lenticulus 
was eventually removed 7 months after its insertion. The eye remained irritable and 
was enucleated 18 months later, that is 2 years and one month after the insertion of the 
acrylic lens. 
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Fic. 6.—Case 6, dense fibrosis (f) on anterior surface of iris (i), distur- 
bance and migration of posterior pigmented cell layer, and posterior 
to this a solid mass of fibro-inflammatory tissue in which lens 
capsule remnants are embedded (c). ( x 86.) 


Sections showed scarring of the cornea and obliteration at one side of the filtration 
angle. A dense fibrous membrane incorporating clumps of pigment and lens remnants 
occluded the pupil, but inflammatory cells were not numerous and foreign-body giant 
cells were not seen. The retina showed ganglion cell atrophy and the optic disc was 
cupped. 

Comment 

The most prominent feature in this series is the invariable presence of a 
large amount of fibrous tissue in the anterior segment of the eye which is 
usually visible macroscopically as a pseudo-capsule for the lenticulus. 
Microscopically its anterior layer is adherent to the disorganized posterior 
aspect of the iris, in which pigment disturbance is a marked feature, and its 
posterior layer is usually but not always adherent to the remnants of the 
Cataract. 

Giant cells were seen in three specimens only, but eosinophils were found 
in all but one case, sometimes in enormous numbers. 

The picture is frequently complicated by mechanical factors such as 
incarceration of iris remnants in the operation wound, or, as in one case, by 
frank infection, or, as in four other cases, by the prior removal of the lenti- 
culus, so that it is difficult to establish the precise role played by the implant 
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in the pathological picture. It seems possible that more light might be 
thrown on this subject by experimental work or by the late results of another 
type of implant reported by Strampelli (1953) in which a similar type of 
plastic is introduced but is left in the anterior chamber instead of the 
posterior.chamber of the eye. 

It seems true to say at the moment, on the basis of this report, that proof 
of the irritating nature of the material of which the lens is made (fully poly- 
merized polymethyl methacrylate; Transpex I) is not yet available, since the 
factors of mechanical irritation or antiseptic irritation have not been ex- 
cluded. It is notable, however, that one pathological change which is 
present in all the specimens, namely the deposition of fibrous tissue in the 
immediate vicinity of the acrylic lens, does not seem to be influenced by the 
time during which the lens remains in the eye. In the three last cases in 
which the implant had been retained for longer than 6 months there was no 
increase in fibrous tissue, as compared with the previous six cases in which 
the lens had been retained for shorter periods. It is tempting, therefore, 
to speculate that the noxious stimulus causing the fibrotic reaction may not 
be the lens itself, for, if it were, an increase of fibrous tissue formation would 
be expected in the longer-term cases. The findings suggest rather that the 
stimulus is possibly some substance adherent to or part of the acrylic lens, 
which having been liberated and having caused an inflammatory response, 
becomes expended. In-this connexion it is of particular interest to know 
to what degree the acrylic material absorbs cetrimide 1 per cent., the anti- 
septic recommended by Ridley (1953) for sterilizing the acrylic. 

There is no doubt that the fibrosis of the anterior segment of the globe is 
the specific pathological change in these cases, and if it could be avoided 
by the use of alternative methods of sterilizing the lenticulus, a considerable 
advance would have been achieved. 

The question also arises whether the appearance would be similar in a 
successful case, since it must be remembered that the present series consists 
of unsuccessful cases only and therefore tends to give an unduly gloomy 
picture. Dr. G. Saubermann of Basel has very kindly given me information 
about such a case, in which the eye became available for examination 
through the death of the patient (Rintelen and Saubermann, 1956). 

In this successful case there was, as in the present series, a fibrous mem- 
brane, containing pigment particles, adherent to the posterior surface of 
the iris and to the anterior aspect of the lens remnants. 


Summary 


The literature concerning Ridley’s acrylic lenticulus operation is mainly 
confined to descriptions of surgical results and clinical impressions with few 
histological contributions. The present paper contains histo-pathological 
descriptions of nine eyes enucleated after the implantation of an acrylic 
lenticulus. Fibrosis in the vicinity of the lenticulus is the most prominent 
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pathological change and a suggestion as to the possible mode of its causation 
is put forward. 


My thanks are due to Mr. Harold Ridley for valuable help and advice, and to Dr. Norman 
Ashton for his help and encouragement and for giving me access to the pathological material; 
also to Miss E. FitzGerald for secretarial assistance and to Messrs. G. Knight and V. Elwood 
for technical assistance. 
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SCHOLZ (1941), reviewing the literature on angioid streaks and pseudo- 
xanthoma elasticum, collected a total of 188.cases, only seventeen of which 
were reported from Great Britain. A further case is described in this 
article. 

Angioid streaks were first described by Doyne (1889) and then by Plange 
(1891); Knapp (1892) gave them their present name. The fundus appear- 
ance in this disease was described by Verhoeff (1928) as follows: 










A more or less broken peripapillary ring of pigment from which pigmented streaks 
extend out into the fundus. The appearance of the streaks varies from dark red to 
brown or even black. The edges of the streaks are serrated and along their course 
there may be reddish dots. They lie beneath the retinal vessels and above the choroidal 
ones. Usually there is a complete or incomplete greyish zone about the papilla. The 
entire fundus may have a mottled appearance or the degenerative changes may appear 
only in the periphery. Both eyes are involved. 












However, since Verhoeff published this account, two cases of monocular 
angioid streaks have been described: one by Grénblad (1932) and one by 
Isayama (1940). 

The most common presenting symptoms of patients with angioid streaks 
is diminution of vision. This is due to associated macular abnormalities 
which were present in 140 out of the 188 cases collected by Scholz (1941). 
These abnormalities may be haemorrhage, scarring, abnormal pigmentation, 
hole at the macula, exudate, or a specific type of retinitis such as disciform 
degeneration or retinitis circinata. Flame-shaped and blot-haemorrhage 
may occur in any part of the fundus. A peculiar type of haemorrhage 
caused by trauma described by Marchesani and Wirz (1931) comprises large 
tear-drop-like haemorrhages in the layer between the retina and choroid, 
rather similar to pre-retinal haemorrhages but at a deeper level. The 
diagnosis is revealed by examining the untraumatized eye. These haemor- 
rhages are absorbed completely, but the authors suggest that they leave 
behind them white streaks in the retina similar to those which remain after 
a choroidal detachment. Other abnormalities of the retina may also be 
seen, such as pigment and hyaline bodies, especially drusen of the optic disc. 
Pseudoxanthoma elasticum was first described by Balzer (1884), whose 
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two patients were later re-described by Chauffard (1889) and again by 
Darier (1896) who gave this condition its name. These same two patients 
were presented once more by Hallopeau and Laffitte (1903), who also noted 
that one of them had “‘ une amblyopie—il ne peut plus lire. M. Antonelli a 
constaté l’existence d’un chorio-rétinite de la région centrale, intéressant la 
macule, avec atrophie secondaire de la papille optique”. No further 
attention was paid to the association of the eye and skin condition until 
Groénblad (1929, 1932) published an account of the two diseases occurring 
together; Marchesani and Wirz (1931) described three new cases, reviewed 
the literature, and postulated the pathological basis of the syndrome. 

The clinical picture of pseudoxanthoma elasticum is characterized by egg- 
yellow or light orange pinhead-sized papules, which may be discrete or con- 
fluent. The lesions, which may be as large as the palm of the hand, are 
linear, reticulated, or punctate, and occur on the sides of the neck, below 
the clavicle, in the axillary fold, the cubital fossa, the popliteal space, and 
the inguinal region, and sometimes on the chest, abdomen, and thigh. 
Lesions have also been reported as occurring in the buccal mucosa. The 
skin surrounding the lesion is usually livid and may even be telangiectatic, 
and characteristically there is loss of elasticity in the involved region (Ebert, 
1943). 


Case Report 


A white, married, professional soldier aged 30 was admitted to the surgical ward on 
May 27, 1955, with acute back strain after heavy lifting. He had had two previous 
attacks. There was no sciatica present and a diagnosis of lumbago was made. 


Investigations.—Erythrocyte sedimentation rate 27 mm./hr (Westergren). Total white blood 


count 5,600 per c.mm.; neutrophils 48 per cent., lymphocytes 50 per cent., basophils 2 per 


cent. 
X rays of lumbar spine and sacro-iliac joints showed no abnormality. 


The pain in the back responded to physiotherapy. The physician was then asked to 
see the patient because of the asymptomatic skin condition which had been present as 


long as the patient could remember. 


Physical Examination —Good colour and build. No finger clubbing. Palpable 
discrete, non-tender mobile glands in neck, axillae, and groins. 


Respiratory System: Normal. 

Cardiovascular System: Pulse 80, regular; blood pressure 160/90, Grade II split P2. 

Central Nervous System: Normal. 

Abdomen: Liver palpable 4” below costal margin, not tender; tip of spleen palpable. 

Skin: Complexion sallow, skin not greasy. A xanthomatous-like condition involved the 
skin of both axillae, the sides of the neck, chest, abdomen, groins, genitalia, popliteal fossae, 
and elbow fiexures. The lesions were intradermal, yellow to orange, pinhead-sized papules 
lying in plaques. They were mainly of linear distribution in the skin flexures. The skin of 
all affected areas was lax, inelastic, and tending to lie in folds, especially in the axillae. ‘There 
was a post-herpetic lesion over the sternum. 

Investigations ——X rays of chest, skull, lumbar spine, and sacro-iliac joints showed no 
abnormality; M.S.U. normal. 

Erythrocyte sedimentation rate: 6 mm./hr (Westergren). Total white blood count 7,800 per 
¢.mm.; red blood cells 4,680,000 per c.mm.; Hb 100 per cent. (Haldane); neutrophils 47 per 
cent., lymphocytes 50 per cent., monocytes 3 per cent. 

7 
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The patient was then referred to the ophthalmological department because of the 


peculiar appearance of the ocular fundi. He had worn glasses for years, and nothing 
abnormal had been mentioned previously. The notes of his previous examination 


6 years before stated that the fundus was normal. 


Family History.—His mother had had the right eye enucleated in 1945 (reason not known); 
the left eye had had a trephine and iridectomy. His father’s sight was failing. Three sibs, aged 
52, 35, and 29 were all well, with no skin lesions. Eight siblings (born before the patient) had 
died alias first 2 years of life and one born after the patient had died in infancy (causes not 

Own). : 


Ophthalmological Examination 


Visual Acuity: Right eye 6/36 - 1:75 D sph., +5 D cyl., axis 105°=6/9 
Left eye 6/36+1 -—1-25 D sph., +4 D cyl., axis 67°—6/9 

Conjunctiva, cornea, anterior chamber, iris, lens, and vitreous all appeared 
normal. The pupils were equal, and reacted to light and accommodation 
briskly. 

Visual Fields: Right peripheral fields showed general constriction, central fields 
normal. 

Right Fundus: The disc was distorted by multiple drusen. Many angioid 
streaks radiating from circumpapillary ring to mid-equatorial region. Some 
hyaloid bodies were present near the ora serrata at 6 o’clock. A few patches 
of choroidal reactions were present. Scattered yellow pin-point spots were 
seen all over posterior pole. Macula normal. 

Left Fundus: This showed a similar picture, except 

that the disc was surrounded by a halo of 
light-coloured tissue and the streaks arose 
from this (Figure). The multiple yellow 
spots and patches of choroidal reaction were 
more marked than in the right fundus. 
There was lightly scattered pigment at the 
macula, with one pin-head-sized patch in the 
paramacula. 

The retinal vessels were normal in both fundi. 

Diagnosis.—Angioid streaks and pseudoxanthoma 


elasticum. 


Further Investigations: FIGURE.—Left ag peowine 
i % . ‘ a [ie : 1a) r 
Right Axillary Skin Biopsy: Elastic tissue of the corium pepo a yt ppt ch 


markedly increased, the fibres being swollen, fragmented, — of varying thickness arising 
and tending to occur in clumps. These changes were from it. 
readily seen in routine haematoxylin and eosin sections 
and were confined to the deeper layers of the corium (Major Hardy: pathologist of the Royal 
Army Medical College). 
Fasting Blood Sugar: 110 mg./100 ml. 
Serum Bilirubin: Less than 0-1 mg./100 ml. 
Blood Urea: 22 mg./100 ml. 
Serum Alkaline Phosphatase: 8 King Armstrong units/100 mg. 
Serum Acid Phosphatase. 12 King Armstrong units/100 ml. 
Thymol Turbidity: 1 unit. 
Thymol Flocculation; 0. 
Wassermann Reaction and Kahn Test: Negative. 
Serum Cholesterol: 178 mg./100 ml. 
Serum Calcium, Potassium, and Chloride: Normal. 
June, 1955: Total 7-2 g./100 ml. (Albumin 3-8 g./Globulin 3-4 g.) A/G 1-1:1. 
September, 1955: Total 7-00 g./100 ml. (Albumin 4:5 g./Globulin 2°5 g.) A/G 1°8:1. 
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Sternal Marrow Biopsy: Norma\. 


Electrocardiogram. Normal. 
Chest Screening and Barium Swallow: Normal. 
X-rays: Skull normal; thighs showed calcification of left femoral vessels. 


The peripheral pulses in the feet were absent except in the right posterior tibial artery. — 
Discussion 

Associations.—Scholz (1941) reviewed the literature on angioid streaks 
very thoroughly and collected 188 reported cases of the disease, 139 of 
which had been reported since Grdnblad (1929, 1932) published his articles 
on the associations of this condition with pseudoxanthoma elasticum. Of 
these 139 cases of angioid streaks,.59 per cent. had pseudoxanthoma 
elasticum, 13 per cent. had no skin lesions, and in 18 per cent. the skin was 
not mentioned. Sandbacka-Holmstrém (1939) collected one hundred cases 
of pseudoxanthoma elasticum and found that 87 per cent. had angioid 
streaks. 

Since Rowland (1933) first recorded a case of osteitis deformans (Paget’s 
disease) occurring with angioid streaks, many more cases have been described. 
Scholz (1941) described 139 more recent cases of angioid streaks, of whom 
9 per cent. had osteitis deformans. 

Terry (1934), who studied 22 patients with osteitis deformans, found 
angioid streaks in three of them; Berliner (1933), who studied 29 patients 
with osteitis deformans, found one with angioid streaks; Scholz (1941), who 
examined fourteen, found one with angioid streaks. Thus, of a total of 
65 patients with osteitis deformans, five (8 per cent.) had angioid streaks. , 

Scheie and Freeman (1946) described three patients with angioid streaks, 
two of whom had pseudoxanthoma elasticum and severe vascular dis- 
turbance of the lower limbs. X rays of the thighs of these two patients 
showed calcification of the femoral vessels. 


Heredity.—Angioid streaks show a familial tendency; De Schweinitz 
{1896) described its occurrence in brothers, and seventeen more cases of its 
occurrence in two siblings have since been described. 


Histology.—The picture in the skin is characterized by diffuse and circum- 
scribed areas of swollen, broken, and fragmented elastic fibres in the sub- 
papillary layer and middle portions of the cutis (Finnerud and Nomland, 
1937). Degenerated fibres occur in large coils which are surrounded by 
normal collagen fibres. Bodin (1900) described a giant cell which was 
either an elastoblast or an elastoclast, and similar cells were described and 
microphotographs published by Marchesani and Wirz (1931), who said that 
the cell was similar to a Langhans giant cell: These cells surround and seem 
to destroy the clumped elastic tissues in the corium. Marchesani and Wirz 
(1931) also described changes in the walls of the blood vessels in the affected 
parts of the skin. The elastica of the arterioles is deficient, the lumen is 
enlarged, and the walls thinned and even burst in places, resulting in haemor- 
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thages into the tissues. Finnerud and Nomland (1937) demonstrated the 
presence of excessive quantities of calcium in the degenerated clastic tissues 


in the corium. 

The histological picture in the eye is not so clearly established. Kofler 
(1917) first suggested that the appearance of the angioid streaks was due to 
splits in the lamina vitrea, and this theory has received much support. 

Other suggestions that the streaks resulted from haemorrhage (Plange, 
1891) or from a primary exudative process (Coppez and Danis, 1925) have 
now been discarded. The main barrier to the clucidation of the path- 
ological changes in the eye has been the lack of post-mortem specimens. 
However, Boeck (1938) obtained the eyes, 48 hrs after death, from a patient 
who had pseudoxanthoma elasticum and angioid streaks. Staining with 
haematoxylin and eosin showed thickening of the lamina vitrea, which 
also stained deeply with elastic tissue stains. This layer showed many 
small defects and: breaks and in other areas appeared split and fragmented. 
These changes were most evident near the papilla, whereas there was little 
change near the ora serrata. Serial sections of the eye showed that the 
breaks in the lamina vitrea corresponded to the angioid streaks seen ante 
mortem. The tunica elastica of the ciliary arteries and the arteries in 
the chorio-capillaris also showed degenerative changes. The elastica in 
the aorta showed thickening and disintegration. This patient had been 
observed to have enlargement of the aorta fluoroscopically before death. 

Hagedoorn (1939a, b) also described the histological appearance of the 
eyes from a case of angioid streaks, and he too noted the degenerative changes 


in Bruch’s membrane, particularly when stained with orcein. The degenera- : 


tion was greatest in the sub-papillary and submacular areas. He could find 
no increase in the amount of calcium present in the elastica, but this may 
have been due to the preserving fluid dissolving the calcium out. He did 
find that the lamina vitrea gave a positive reaction for iron with Turnbull’s 
blue reagent. 

Verhoeff (1939) disputed the significance of these changes in Bruch’s 
membrane and stated that similar staining was found in seventy eyes out of 
six hundred examined at random. 

Of two hundred eyes examined histologically at Johns Hopkins University, 
10 per cent. showed basophilic staining of the lamina vitrea, and in two cases 
there was fragmentation similar to that seen in the cases of Boeck and 


Hagedoorn. One of these had Paget’s disease (Scholz, 1941). 


Aetiology.—The natural history of the disease is quite unknown. The 
familial tendency may indicate a congenital weakness of elastic tissue. The 
disease manifests itself on the skin where it is most easily seen, and in the 
eye where it causes symptoms of visual impairment. On the skin it affects 
primarily those areas most rich in elastic tissue, that is, the skin over the 
flexor surfaces of the joints. The skin there must contract when the joint 
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is flexed so that it is not thrown up into folds which would impede full 
flexion. The elastic tissue here takes up the “slack” in the skin. The 
Jamina vitrea is also very rich in elastic tissue. The arrangement of the 
elastic fibres is disturbed where the optic nerve passes back to the brain and 
it is around this site of disturbance that the circumpapillary ring occurs and 
the angioid streaks usually arise. 

The underlying pathological process, a degeneration of the elastic tissue, 
is probably the same in all areas affected by the disease, that is, the skin, eye, 
aorta, ciliary and choroidal arteries, femoral vessels, and possibly the smaller 
arteries of the feet. The enlarged liver and spleen in the case presented 
here may have the same pathological cause. The high incidence of Paget’s 
disease in patients with angioid streaks, and vice-versa, indicates some similar 


aetiological factor or common pathological process. The excess of calcium 


demonstrated in the skin lesion and in the femoral vessels is probably due to 
dystrophic calcification and not to any generalized disturbance of calcium 


phosphorus metabolism. The raised level of serum acid phosphatase in 
this case could not be repeated for verification. 

The haemorrhages occurring so commonly in the eye can be compared 
with those occurring spontaneously in the skin as described by Marchesani 
and Wirz (1931). 

The Grénblad-Strandberg syndrome is a degenerative disease affecting 
the elastic tissue of the skin, lamina vitrea of the eye, and the elastic laminae 


of the arteries. Further investigations may show that it occurs in other 


organs also. The visual prognosis is poor as the changes occurring in the 


macula destroy the central vision, but this may take years to develop. 


Summary 
A case of angioid streaks and pseudoxanthoma elasticum is described. 
The literature is briefly reviewed. A previously unquoted article by 


Marchesani and Wirz (1931), who describe a tear-drop-like haemorrhage 


characteristic of this disease, is reported. The giant cell occurring in the skin, 


only described previously by Bodin (1900), was also described by Marchesani 
and Wirz (1931). 
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CARBONIC ANHYDRASE IN THE VITREOUS BODY* 


BY 


J. GLOSTER 
From the Ophthalmological Unit, Medical Research Council, Institute of Ophthalmology, 
University of London 
Director of Research: Sir Stewart Duke-Elder 


REviEws of some recent literature concerning the biochemistry of the 
vitreous body contain no references to the presence of enzymes (Bellows, 
1952, 1953; von Sallmann, 1953, 1954; McLean, 1954). However, the 
possibility of the existence of enzymes in the vitreous body has not been 
overlooked. Lépine (1870) reported that the vitreous of dogs, rabbits, and 
frogs contained a substance which caused hydrolysis of starch, and Michel 
and Wagner (1886) mentioned that they had looked for “‘fibrinferment” in 
the vitreous but had found no evidence of its presence. Leber (1903) 
reported the presence in the vitreous of an amylase, and Lo Cascio (1922) 
found an amylase, catalase, and enzymes catalysing proteolysis, the reduc- 
tion of methylene blue, and the hydrolysis of glyceryl monobutyrate; and, 
recently, anabolic enzymes have been demonstrated in the vitreous by 
Zeller (cited by Schwartz and Leinfelder, 1955). 

Bakker (1941) reported briefly that the vitreous body of some mammals 
contains a minute amount of carbonic anhydrase. The occurrence of this 
enzyme in ocular tissues has become of great interest since Becker (1954) 
demonstrated that the systemic administration of a carbonic anhydrase 
inhibitor (acetazoleamide, Diamox) often reduces the intra-ocular pressure 
in both normal and glaucomatous eyes. Carbonic anhydrase is known to 
occur in the lens (Bakker, 1939, 1941), in the ciliary body and iris (Wistrand, 
1951; Gloster and Perkins, 1955), and in the retina (Leiner, 1940; Bakker, 
1941; Kauth and Sommer, 1953). The experiments described in this paper 
were carried out to determine the carbonic anhydrase content of the vitreous 
of the rabbit and to investigate the relative amounts of the enzyme in the 
peripheral and central regions of the vitreous body. 


Methods 


(i) Preparation of Specimens of Vitreous.—The eyes were excised from dead 
rabbits, within half an hour of death, and were frozen rapidly in solid carbon 
dioxide and stored in a refrigerator at —5°C., usually for about 12 hrs.. An 
equatorial cut was made through the sclera, choroid, and retina, and these tissues 
were peeled off, leaving the vitreous and lens frozen together. The outer layer 
of the vitreous was allowed to thaw and the lens was then removed intact, after 
which the vitreous was immediately frozen again in solid carbon dioxide. A few 
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fragments of retina and choroid still adhered to the vitreous, and these were 
removed by shaving off a layer of frozen vitreous over its entire surface. The 
fresh surface was then washed rapidly with a small jet of glass-distilled water and 
wiped with a filter-paper. The vitreous was then allowed to thaw and was filtered 
through a 2-in. column of l-mm. diameter glass beads in a vertical glass tube 
4 inch in diameter. The material obtained in this way could be pipetted easily; 
it was used undiluted in some experiments, while in others it was diluted with an 
equal volume of glass-distilled water. 

In the experiments in which the carbonic anhydrase content of the central 
vitreous was compared with that of the peripheral vitreous, the above procedure 
was followed, but the eyes were excised and frozen immediately after the animal 
had been killed. After removal of the lens and other tissues, the vitreous was 
frozen again in solid carbon dioxide’ and then divided into central and peripheral 
portions with a sharp scalpel. The central and peripheral portions were filtered 
through separate columns of glass beads. Sufficient material was usually obtained 
from ten to twenty eyes. It should be added that, in preliminary experiments, it 
was found that placing the vitreous in contact with solid carbon dioxide for a 
short time did not alter its carbonic anhydrase activity. 

In Experiment 5, the eyes of dead rabbits were punctured with a No. 0 needle 
and vitreous was withdrawn into.a dry syringe. A few of these specimens con- 
tained fragments of tissue and were therefore rejected. The vitreous was filtered 
as described above. 

It was important to ensure that the specimens of vitreous were not contaminated 
with blood, since erythrocytes are rich in carbonic anhydrase, and therefore the 
benzidine reaction was applied to the material before its carbonic anhydrase 
activity was determined. 0-5 g. benzidine was dissolved in 4-5 ml. glacial acetic 
acid at 50° C. and, after cooling, 20 ml. distilled water were added. 1-4 ml. of 
this solution, 4:7 ml. distilled water, and 0-4 ml. of a 3 per cent. solution of 
hydrogen peroxide were added to 0-5 ml. of the vitreous filtrate. None of the 
material used in these experiments yielded an appreciable blue colour. The 
sensitivity of this test was such that, if blood were added to vitreous, a recognizable 
blue colour developed when the concentration of blood in the vitreous was 


1:5,000. 


(ii) Determination of Carbonic Anhydrase.—A modification of the method of 
Roughton and Booth (1946) was used, which depends upon the rate of change 
of pH of a barbitone buffer after the addition of a saturated solution of carbon 
dioxide in water at 0°C. 

0-3 ml. vitreous was added to 3 ml. barbitone buffer (pH 8-4) and 2 ml. glass- 
distilled water in a stoppered glass weighing-bottle. Six drops of a 0-04 per cent. 
aqueous solution of bromthymol blue were added, and the weighing-bottle was 
then placed in ice-cold water for one hour. 5 ml. glass-distilled water, saturated 
at 0° C. with carbon dioxide, were added rapidly, and the time taken by the pH 
to fall to 6-3 was measured. This end-point was reached when the colour of the 
contents of the weighing-bottle matched a standard which consisted of six drops 
of bromthymol blue solution in 10 ml. of a Sérensen phosphate buffer pH 63. 
The rate of the uncatalysed reaction was determined by using 0-3 ml. glass-distilled 
water in place of the vitreous. Determinations were also made on vitreous which 
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had been heated previously to 80° C. for one hour. In two experiments, 0-1 ml. 
of a 1 mg./ml. solution of sodium acetazoleamide was added to the weighing- 
bottles containing vitreous, before determination of the carbonic anhydrase. 


Results 


(a) Carbonic Anhydrase Activity of the Whole Vitreous Body.—The results 
of five experiments are given in Table I, which shows that the time taken 


TABLE I — 


DETERMINATION OF CARBONIC ANHYDRASE IN THE VITREOUS BODY 
BY AN INDICATOR METHOD 





Time (sec.) for pH change from 8-4 to 6:3 
Mean +S.E. (Number of Determinations) 





Experiment . 
No. Vitreous 


Uncatalysed 


Undiluted 
Vitreous 


Vitreous 
diluted 1:1 


Heated 
Vitreous 


+ Acetazole- 
amide 








167+1-4 (5) 
184+ 1-2 (10) 
169+3-2 (10) 
185+4-3 (6) 
165+40 (4) 





63+1:3 (3) 
45 +1-1 (10) 


4843-3 (4) 





99 + 1-2 (10) 
7642-8 (6) 
7841-9 (6) 





186 41-9 (10) 
17542-5 (7) 





19441-4(6)- 
142 +61 (3) 





for the pH of the contents of the weighing-bottles to change from 8-4 to 6:3 
was reduced significantly by the addition of vitreous, either undiluted or 
diluted 1:1 with water. There was no acceleration of the reaction if the 
vitreous had been heated previously. Moreover, the addition of acetazole- 
amide to the reaction mixture either abolished (Experiment 4) or reduced 
greatly (Experiment 5) the acceleration of the pH change which was caused 
by the vitreous. In Experiments 1 to 4 the vitreous was obtained by the 
freezing technique, while in Experiment 5 it was withdrawn by means of a 


syringe from eyes which had not been frozen. 


(b) Comparison of Carbonic Anhydrase Activity of Central Vitreous with 
that of Peripheral Vitreous.—Table II shows that, when central or peripheral 
vitreous was added to the reaction mixture, the pH change occurred more 


TABLE II 


DETERMINATION OF CARBONIC ANHYDRASE IN THE PERIPHERAL AND 
CENTRAL REGIONS OF THE VITREOUS BODY 





| 


Time (sec.) for pH Change from 8-4 to 6-3 
Mean +S.E. (Number of Determinations) 





Experiment | 
No. 


| Uncatalysed | 


Peripheral 
Vitreous 
(diluted 1:1) 


Central 
Vitreous 
(diluted 1:1) 


Heated 
Peripheral 
Vitreous 


Heated 
Central 
Vitreous 





| 
| 
| 
| 
| 
| 
1 


185 +2-3 (10) | 
180+3-7 (8) 
199 41-8 (8) | 


116+1-9 (9) 
112 +1-5 (8) 


147 +1-7 (8) 





153 -+2-6(7) | 


140 +2-0 (9) 
173 +2°5 (8) 





191 +3-1 (10) 
187+1:5 (8) 


200+1-8 (8) | 





187 +1-5 (7) 
187 +1-3 (8) 
190 +2:2 (8) 
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rapidly than in the uncatalysed reaction. Furthermore, in all three experi- 
ments, the time taken for the pH change with peripheral vitreous was 
significantly less (P<0-01) than the time taken with central vitreous, but 
this difference was either eliminated (Experiments 6 and 7) or greatly reduced 
(Experiment 8) if the vitreous had been heated previously. 


Discussion 

The experiments described above demonstrate that carbonic anhydrase 
occurs in the vitreous body of the rabbit, and that higher concentrations of 
the enzyme are present in the peripheral area of the vitreous than in the 
central area. In order to assess the amount of enzyme present, a comparison 
was made with the acceleration of the reaction brought about by various 
dilutions of rabbit’s blood, using the results of experiments reported pre- 
viously, in which an identical technique of carbonic anhydrase estimation 
was employed (Gloster and Perkins, 1955). From these data, it was found 
that the concentration of carbonic anhydrase in the vitreous is approxi- 
mately 735 to goo Of the concentration of the enzyme in the blood. Thus 
the concentration of carbonic anhydrase in the vitreous is considerably 
lower than that in the ciliary body and iris (3 to ¢s of the concentration in 
blood) and much less than that of the lens (7 to ¢ of the concentration in 
blood). These values for the ciliary body and iris and for the lens were 
obtained by the same technique as for the vitreous (Gloster and Perkins, 
1955). 

The tissues surrounding the vitreous body are relatively rich in carbonic 
anhydrase and it seems probable that the enzyme present in the vitreous 
originates from them, a view supported by the finding of more enzyme in 
the peripheral area than in the central area of the vitreous. The possibility 
that the carbonic anhydrase found in the vitreous had entered from the 
surrounding tissues as a post-mortem change is improbable, since it was 
found in the central region of the vitreous of eyes which had been excised 
and frozen rapidly within 2 to 3 minutes of the death of the animal. 

According to Fischer-von Biinau and Fischer (1932), the vitreous body 
has no measurable metabolic activity. These workers injected bubbles of 
gas, of known composition, into the vitreous in living rabbits, and found 
that there was no change in the proportional concentrations of oxygen and 
carbon dioxide in the bubbles. On the basis of this evidence, it is almost 
inconceivable that the carbonic anhydrase in the vitreous body has any 


metabolic significance. 


Summary 
Carbonic anhydrase was demonstrated in the vitreous body of rabbits 
and a higher concentration was found in the peripheral area than in the 
central area. The concentration of carbonic anhydrase in the vitreous body 
is lower than that in the surrounding tissues. 
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ECTOPIA OF THE MACULA* 


BY 


IAN W. PAYNE anv R. PITTS CRICK 
Royal Eye Hospital, London 


Ectopia of the macula is a striking clinical condition but has been infre- 
quently described, only fourteen cases having been reported: Kriiger (1913), 


Triebenstein (1919), Beselin (1924, 1925), Bielschowsky (1930), Stein (1931), 
Friedman (1942), Cohen and Weisberg (1950), and Trevor-Roper (1952). 


Fuchs (1921) described a further eight specimens in which the diagnosis was 
made histologically after perforating injuries. Three patients have attended 
the Royal Eye hospital recently with the condition. 


Case 1, a boy aged 12 years, was 7 weeks premature and his birth weight was 4} Ib.; 
soon after birth there was.a suspicion of ‘‘something wrong with his right eye” and at 
the age of 2 he was thought to have a definite right divergent squint. Glasses were then 
prescribed (Right -2 D sph.; Left -2-5 D sph.). At the age of 6 years the left eye was 
occluded, and he thereupon developed a convergent squint. He came under the care of 
Mr. T. M. Tyrrell at the Royal Eye Hospital in 1951 when he was 8 years old and was 
found to have an alternating convergent squint with a preference for fixation with the 
left eye. The following points were noted on examination: 


(1) When the left eye was covered, the right fixed in an apparently divergent position. The 
angle kappa (measured on the perimeter) was +20° in the right eye and between +1° and +2 
in the left, with no vertical deviation. 

(2) Visual acuity; right eye with -3 D. sph.=6/12; left eye with —3-25 D sph./, —1 D cyl. 
at 165°=6/6. 

(3) When the r ight fundus was examined an exaggerated temporal obliquity of the optic disc 


was found, and the retinal vessels were displaced so that they emerged from the temporal border; 
the nasal branches subsequently looped medially above and below. The macula showed no 
abnormality, though it was less clearly marked than that of the left eye. In the temporal 
periphery a dark grey area was visible behind which was a zone showing considerable pigmentary 
disturbance. The left fundus was normal, No relevant family history was obtained. 


Examination of the binocular vision revealed simultaneous macular perception with 


very doubtful fusion, and in view of the unsatisfactory appearance which would have 
Tesulted from placing the visual axes parallel and the poor prognosis for binocular vision, 


it was decided to correct only the apparent squint at operation. The appearance of the 
Tight fundus, together with the history of prematurity, is strongly suggestive of an 
abortive retrolental fibroplasia (Fig. 1, opposite). 


* Received for publication April 14, 1956. 
492 








ECTOPIA OF THE MACULA 


Fic. 1.—Appearance of right fundus, Case 1. 


Case 2, a male infant aged 20 months, was one of premature twins with a birth weight of 
4} Ib. He was 8 weeks premature and was kept in an oxygen tent for a week. A squint 
in the right eye had been noticed since the age of 3 months. He was first seen in March, 
1954, when the right eye appeared to be densely amblyopic with a variable position, and 
the left eye which fixed a light well had an apparent divergence of 22° when fixing. A 
refraction under atropine was carried out and glasses were prescribed: Right—1 D cyl. 
at 180°; Left-3 D sph.,-2 D cyl. at 90°. 

Examination of the fundi under a general anaesthetic revealed the presence of an 

incomplete form of retrolental fibroplasia. In the right eye a retinal fold ran from the 
disc to the temporal periphery with traction of the margin of the disc and the central 
fetina towards the temporal side. The left eye showed a less marked form of the same 
disturbance, displacement of the functioning macula of this eye being responsible for its 
apparent divergence. The fundus appearance was similar to that in Case 1. 
Case 3, a man aged 34 years, was invalided from the Army in 1944 on account of retinal 
periphlebitis in both eyes. He attended the Royal Eye hospital in 1948 and at that 
time his fundi showed evidence of quiescent vasculitis, with degenerative changes in the 
periphery of the left retina, and an area in the right retina related to the termination of 
the inferior temporal vessels which showed recent haemorrhages and exudates and vari- 
cosities of the veins. A diathermy operation was performed on the right eye in the area 
of the vasculitis one year later, and the lesion appeared to be well scarred; 3 months 
later he complained of vertical diplopia and arrangements were made to investigate this, 
but the patient failed to attend hospital again until July, 1954, when he complained of 
some difficulty in reading. The following points were noted: 


(1) An appearance of marked right hypotropia. The cover test revealed no deviation, how- 
¢ver, and the Maddox rod test at 6 m. showed in fact right Ayperphoria of 4 prism dioptres. ‘This 
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was confirmed by a Hess screen test, in which there was no significant difference in the size or 
shape of the right and left fields. Though there was a tendency to right suppression, sterco- 
scopic binocular vision was present. 

(2) The corrected visual acuity was 6/9 N.5 in the left eye and 6/12 N.8 in the right. Measure- 
ment of the angle kappa with the perimeter showed that the visual axis was 10° above and 8° 
external to the central pupillary line in the right eye. In the left eye, the angle kappa was +2°. 

(3) Examination of the fundi showed no change in the left eye since 1949. In the right fundus 
diathermy scars were visible at the periphery in the lower temporal quadrant, and a series of 
fine retinal folds suggesting tension lines ran from these scars to the disc. The upper temporal 
artery ran horizontally outwards from the disc and the macula was displaced downwards by 
about 1} disc diameters (Fig. 2). : 


Fic. 2.—Appearance of right fundus, Case 3, 1954. 


(4) The visua) fields (4/2000 white) were plotted on the Bjerrum screen. That for the left eye 
showed no anomaly, but the right blind spot was appreciably displaced downwards and out- 
wards. 

(5) The patient was shown the Amsler charts and stated that the horizontal lines above and to 
the right of the fixation point were inclined upwards and to the right. 

(6) He had, incidentally, a marked facia) asymmetry, the right eye being apparently displaced 
about 2 mm. below the left. _¥ rays confirmed that the right lower orbital margin was 3:5 mm. 
below the left. 

There has thus been a gradual downward displacement of the right macula, but the 
patient has compensated for this almost completely ‘by the development of an apparent 
right hypotropia, the right hyperphoria representing the uncompensated moiety of the 
deviation of the visual axis. Thus the macula has suffered a marked displacement 10° 
down and about 6° outwards, which represents a distance of 2‘9 mm. down and 1-7 mm, 
Out, without appreciable interference with its function. 


The macular displacement in this case might be ascribed to the contraction of diathermy 
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scars, but a fundus painting and a Bjerrum screen chart dating from the day before 


operation are available, and these show that the migration of the macula had already 
begun before the operation was performed. The blind spot was so placed that its upper 


border just touched the horizontal meridian. The painting shows that the macula was 
on the same level as the lower border of the disc, and that a few tension lines in the 


retina were already visible (Fig. 3). 


Fic. 3.—Appearance of right fundus, Case 3, 1949, on the day before diathermy operation. 
Discussion 

The majority of recorded cases have been attributed to a developmental 
anomaly at the posterior pole of the cye. This would appear to be the most 
probable explanation in the two patients recorded by Triebenstein (1919), a 
mother and son with very similar fundus appearances, and also in one case 
which he quotes which was associated with familial microcephaly and 
microphthalmos. Triebenstein also mentions four cases in which ectopia 
of the macula was associated with pigmented choroidal lesions, colobomata, 
anomalies in the distribution of the retinal vessels, or bands in the retina or 
vitreous. These were all apparently congenital and presumably develop- 


mental anomalies, though it is often impossible to distinguish between 


intra-uterine inflammatory lesions and developmental defects. The descrip- 


tion of the fundus lesions in some of these cases is reminiscent of the appear- 
ances in our Cases 1 and 2, and it is possible that some were due to retrolental 


fibroplasia. Friedman (1942) reported a case with a scar at the macula 
which was thought to be the result of a macular haemorrhage during delivery. 
In the patient reported by Bielschowsky (1930), the displacement of the 
maculae appeared to be due to the contraction of scars which he regarded 
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as evidence of old, probably congenital chorio-retinitis. A report by 
Blaxter (1951) concerned a girl born 3 weeks before term, with one “smal 
eye” in which an upward deviation developed during the first 18 months of 
life. This was due to traction on the retina resulting from a focus of chorio- 
retinitis in the upper periphery. Retrolental fibroplasia is again a possibility. 

In only three of the recorded cases was the condition known to be acquired. 
Stein (1931) reported a case in which a simple superior balloon detachment 
with a hole in the upper retina followed a blow to the eye ina myope. After 
ignipuncture, the macula was found to be displaced upwards, contraction 
of the scarred area being the apparent cause. Beselin (1924, 1925) described 
a 14-year-old myope on whom he operated for divergent strabismus. In 
the following 6 years he observed the development of a displacement of 
both maculae towards large choroidal scars in the periphery upwards and 
inwards. Trevor-Roper (1952) described a patient aged 21 years suffering 
from pulmonary tuberculosis, who had had a retinal detachment 9 months 
previously, in whom the macula was found to be drawn downwards by 
traction bands. 

It is perhaps surprising that the macula is so rarely displaced after the 
reposition of extensive retinal detachments, and it may be that the circum- 
stance which causes such displacement is a widespread inflammatory process 
involving the retina alone, rather than one restricted in area but extensive 
in depth, such as follows the surface application of diathegmy to the sclera. 


Summary 
Three cases of ectopia of the macula are described. In two the cause is 
thought to be an abortive retrolental fibroplasia and the other is due to 
cicatricial contraction of the retina following retinal periphlebitis. Fourteen 
cases reported in the literature are summarized and the aetiology of this 
condition is discussed. 
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CAROTID-OPHTHALMIC ANASTOMOSES* 


FREQUENCY OF EXTERNAL CAROTID AND OPHTHALMIC: 
ARTERY ANASTOMOSES 


BY 
MICHAEL SHEAT 


Toronto, Canada 


ANATOMICAL studies in man on the degree of anastomosis existing between 
the external carotid artery and the ophthalmic arteries are a necessary con- 
dition of the rational surgical treatment of carotid-cavernous fistulae, as this 
treatment may carry with it a threat to vision in the eye on the operated 
side if the anastomosis is inadequate. What must be proved is the negative 
proposition that inadequate anastomosis is rare. Previous anatomical 
studies do not enable the risk to be accurately assessed, as the number of 
subjects studied has been too small. Thus the evidence based on perfusion 
experiments described in the literature does not permit one to state that 
adequate anastomosis is to be expected in more than 62 per cent. of the 
population (Elschnig, 1893; Garwood, 1936; Walsh and King, 1942). 

The present study was planned with two objects in view. First, it was 
necessary to choose methods of testing that adequate anastomosis existed, 
though the use of autopsy material limited the choice to perfusion with 
water, air, and blood. The use of dyes or neoprene casts was ruled out, 
and perfusions with blood had to be brief. However, it was possible to test 
the anastomosis satisfactorily, by demonstrating that a copious back- 
perfusion occurred within specified conditions of time and perfusion pressure. 
Secondly, it was necessary to demonstrate that this copious anastomosis 
existed in all or nearly all of as large a series of perfusions as possible. Only 
in this way can the frequency of anastomosis be accurately assessed. 

From an analysis of the results obtained (Tables I, II, and -II]) it is con- 
cluded that the occlusion of the ophthalmic artery central to the point of 
origin of its central retinal branch is unlikely to deprive the retina of an 
adequate anastomotic blood supply. A review of the literature concerning 
the effects of operations involving ligation of the internal carotid artery 
points to a similar conclusion. It would not seem that the contralateral 
anastomosis is always as extensive. 


Materials and Methods 


Owing to the fact that autopsy material was used, no medium which would 
stain the face of the subject or occlude its vessels could be injected. Dissection 





* Received for publication April 4, 1956. 
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of the carotid sheath was mainly digital. The internal carotid and superior 
thyroid arteries were ligated bilaterally in the neck. The brain was always 
removed before the experiment, and, after removal of the pituitary gland, the 
roof of the optic canal was nibbled away with rongeurs. Approximately 10 mm. 
of the optic nerve were removed, and the ophthalmic artery was made clearly 
visible and cut free from the internal carotid. 


In the first group of thirteen subjects, water and air were injected, with a 50-ml. syringe, 
into the common carotid artery. The anastomoses were judged to be patent and ample 
when the fluid was seen to flow from the cut end of the ophthalmic artery within 80 
seconds at an approximate pressure of 70-90 mm. Hg, and when, on injection of air, the 
solid column of perfusion fluid became interrupted, fluid and air bubbles passing in 
sequence along the lumen of the vessel. 

In the second group of nine subjects, the injection medium was citrated blood. It 
was introduced by injection with a 150-ml. metal syringe, a ‘““Y” tube, and two glass 
cannulae, which were inserted one into each common carotid artery. 

In the third group of eight subjects, water and blood were injected alternately under 
manometric control. The pressure was maintained with a sphygmomanometer bulb and 
a 2-1. air reservoir helped to reduce oscillation in the mercury column of the manometer. 
Since blood is a viscous material, it was thought necessary to determine the actual 
pressures built up at the cannulae, as opposed to the pressures recorded on the reservoir 
manometer, and to recalibrate that manometer accordingly. It was found that there 
was a time lag of approximately 30 seconds between a rise in pressure in the manometer 
attached to the reservoir and the subsequent rise in, that attached to a side-arm of one 
of the cannulae. The average drop in pressure between the reservoir manometer and 
the cannula manometer during reading, where the pressure was maintained between 
80 and 160 mm. Hg, was 12 mm. Hg. 


Observations 
Table I represents the incidence of patent anastomoses demonstrated 
between the ophthalmic artery and the external carotid artery of the same 


side. 
TABLE I 
INCIDENCE OF PATENT IPSILATERAL ANASTOMOSES 





Anastomoses 
‘ 2 No. of | 
Perfusion Medium Subjects iecti 


No. Per cent. 


| 
I Water and Air 13 19 | 
II Blood and Air ; | 16 | 








100 
100 
91-8 (mean) 








Ill Blood, Air and Water 





Total 4 45 





Anastomoses between the external carotid and ophthalmic arteries on the 
same side were demonstrated in 15 to 30 seconds with water and air, and 
in 40 to 50 seconds with blood and air, the average pressure in both instances 
being 90 mm. Hg. 

The incidence of patent anastomoses between the external carotid artery 
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of one side and the ophthalmic artery of the opposite side is shown in 
Table II. 
TABLE II 
INCIDENCE OF PATENT CONTRALATERAL ANASTOMOSES 





Anastomoses 
Perfusion Medium No. of No. of 
Subjects | Injections 





No. | Per cent. 


Water and Air | 2 | 2 7 | 31:8 











The total number of subjects available for this investigation was reduced 
to 22, because in eight cases one of the external carotid systems had been 
severely damaged by other procedures. Subjects with only one external 
carotid system intact were not suitable, as leakage from the damaged vessels 
made it impossible to get adequate pressure to demonstrate contralateral 
anastomoses. These anastomoses were demonstrated with water and air 
in an average time of 70 seconds at a pressure of 80 mm. Hg. 


Comment 


The age of the subjects ranged from 20 to 80 years. Arteriosclerotic 
heart disease, neoplastic disease, diabetes mellitus with severe arterio- 
sclerosis, polyarteritis nodosa, and idiopathic thrombo-cytopaenic purpura 
were amongst the causes of death, but neither cause of death, age, nor sex 
seemed to have any bearing on the patency of the anastomoses. 

As each subject possesses an external carotid and an ophthalmic artery 
on each side, two results must be recorded in every case. Thus in this 
series of thirty cases the total number of anastomoses theoretically available 
is sixty. Seven of the external carotid arteries had been damaged by other 
procedures and two subjects had to be abandoned because of early staining 
of the face; therefore the total number of anastomoses actually available 
for the experiment was 49. Of these 49 possible ipsilateral anastomoses, 
45 were demonstrated to be patent. Failure to demonstrate patent ipsi- 
lateral anastomoses occurred only in the first two subjects of the series and 
there is reason to believe that this failure was due to faulty technique; after 
the first two subjects had been studied, 45 consecutively successful perfusions 
were performed. The statistical interpretation of Table I is given in 
Table III (overleaf). 

Discussion 

In man it has been shown that connexions between the ophthalmic, 
lacrimal, and middle meningeal arteries are frequent (Adachi, 1928). 
Anatomical confirmation of the possibility of retrograde flow through the 
ophthalmic artery has been described in the literature in twelve cases 
({Elschnig, 1893; Walsh and King, 1942), the ages ranging from 38 to 77 
years, 
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TABLE Ill 
FREQUENCY OF oe 6 aa ANASTOMOSES 























At least x per cent. 
Data No. of No. of Patent Anastomosis 
Perfusions | Successful (P=0-99) in the 
Population 

Elschnig combined with Walsh and King Be 12 12 62 
Author (including first four perfusions)... ai 49 45 76°8 
Author (excluding first four perfusions) vee 45 45 89-8 
Elschnig, combined with Walsh and Tins, and 

Author (corrected) bee 57 57 91:9 








Calculated from the Table of Fiducial Limits of the mean of a Poisson distribution (Garwood, 1936). 


Swan and Raaf (1951) described five cases of carotid cavernous fistula 
which had simultaneous ligation of the internal and external carotid arteries. 
During the week after the operation, in all cases, there was hypotony, with 
diminished volume and pulsation of the retinal vascular tree. In three 
instances a typical retinopathy developed, which in one case lasted for 
6 months. 

Singleton (1939) quotes an example of carotid-cavernous aneurysm in 
which backflow in the ophthalmic artery was contributed to by both external 
carotids, and Denny-Brown (1951), in a case of occlusion of the right 
internal carotid, demonstrated by arteriography that retrograde flow took 
place into the intracranial portion of the right internal carotid via the right 
external carotid and ophthalmic arteries. While both Elschnig and Walsh 
and King, for a few cases, demonstrated in all of them the patency of the 
anastomosis between the external carotid and contralateral ophthalmic 
artery, in our series it was proved in only seven of 22 cases. This result and 
the time and pressure data suggest that the contralateral anastomosis has 
not the same status as regards extent, or frequency of occurrence, as the 
ipsilateral anastomosis; indeed, this is in accordance with the greater 
incidence of trouble, hypotonia, retinitis, etc., following the ligation of the 
internal and external carotids on the same side (Swan and Raaf, 1951). 

If it can be assumed that ipsilateral and contralateral anastomotic channels 
are present and patent, the question arises whether they will be able to 
supply the central retinal artery adequately within the survival time of the 
anoxic retina, upon deliberate occlusion of the ophthalmic artery. While 
in rats this time has been shown to be 15 minutes (Smith and Baird, 1952), 
the exact length of time available in man is unknown. Schurr (1951) has 
shown that these anastomoses do increase in size after relatively less drastic 
lesions, such as middle cerebral thrombosis. It is suggested, by the good 
visual results in the cases reported by Swan and Raaf (1951) and by Denny- 
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Brown (1951), that these anastomoses became available in time. Singleton 
(1939) quotes a case in which the contralateral external carotid was the 
main source of supply and in which vision did not deteriorate. 

In terms of the test described in this paper the ipsilateral anastomosis 
may be inadequate in about 10 per cent. of cases. This percentage was 
calculated from the confidence limits of the mean of a Poisson distribution 
(Garwood, 1936). It was considered legitimate to use the Table of Limits 
of the Poisson distribution in the case of the closed ipsilateral anastomoses, 
as this is a rare occurrence, and in this circumstance a binomial distribution 
approximates to the Poisson (Table III). 

The same conventions cannot be applied to the contralateral data. How- 
ever, these figures can be treated as a sample of a moderately asymmetrical 
binomial distribution and confidence limits assigned. If the Tables of 
Koller (1953) are used, the 99-73 per cent. confidence limits for the observed 
figure of 31-8 per cent. patent anastomoses in 22 perfusions are found to 
be 7 and 65 per cent. Thus, there is no ground for confidence that the 
anastomosis will react positively to this test in more than 7 per cent. of the 
general population, but it can be stated that not more than 65 per cent. 
will react positively to this test. 

Summary and Conclusions 


Patency of the ipsilateral anastomoses between the ophthalmic and ex- 
ternal carotid arteries was found in 45 of 49 perfusions (91.8 per cent.) and 
patent contralateral anastomoses were found in seven of 22 perfusions 
(31.8 per cent). The method involves injection of air, water, and citrated 
blood, and observation of the time taken for flow to occur from the 
ophthalmic arteries. Cause of death or intercurrent illness seems to have no 
bearing on the results. 

It is also suggested, by the clinical evidence reviewed, that ipsilateral 
anastomoses are functionally adequate to preserve vision in the event of 
planned occlusion of the ophthalmic artery near its point of origin. If 
reliance is placed on the contralateral anastomoses alone, the risk of visual 


loss would seem to be considerably greater. 


The author wishes to express his gratitude to Professor J. D. Hamilton for his co-operation in 
extending the facilities of the Department of Pathology. 
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PROTEIN DEFICIENCY IN KERATOMALACIA* 


BY 


YAP-KIE-TIONG 
From the Dr. Yap Ophthalmic Hospital, Jogjakarta, Indonesia 


KERATOMALACIA is still one of the most serious eye diseases in countries 
where malnutrition plays an important role. Up to the present the term 
‘keratomalacia’ represents a fatal condition of the eye characterized by 
softening of the corneal tissue due to a severe vitamin A deficiency. Cllini- 
cally, vitamin deficiencies in man are usually multiple, and in general they 
are associated with other nutritional disorders. This in contrast to the 
laboratory where single deficiencies are purposely produced. Therefore it 
can be assumed that the manifestation of keratomalacia in man is based on 
a more complicated pattern. This paper deals with protein deficiency in 
keratomalacia. 


Material and Methods 
The material comprised a group of ten patients suffering from keratomalacia, 
and for comparison a group of ten patients with xerophthalmia. All patients 
were badly nourished children of Indonesian origin, coming from poor areas of 


Central Java. 
The keratomalacia group consisted of six boys and four girls, aged between 1 and 


3 years; the xerophthalmia group was composed of eight boys and two girls, 
aged | to 4 years. 

The examination of the eye was performed by the author using a hand slit 
lamp. All blood serum levels of vitamin A and proteins were estimated by the 
same laboratory technician. The estimation of the vitamin A content of the 
blood serum was done according to the photo-colorimetric method of Dann and 
Evelyn (1938). The concentrations of serum proteins were estimated colori- 
metrically according to the biaret method of Gornall, Bardawill, and David (1949). 


All these colorimetric estimations were performed with a Hilger Spekker photo- 


electric colorimeter. 
Because of the evanescent nature of the test, readings corresponding with levels 


below 10 I.U. vitamin A/{00 ml. were indicated as +, readings above 10 1.U. 
being registered in figures. 
Results 


The Table (opposite) shows the serum concentrations of vitamin A and 
proteins in the two groups. 
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TABLE 
RESULTS IN KERATOMALACIA AND XEROPHTHALMIA 






























































| Vit.A | Total ; 
| Pat. | Age -, | Albumin | Globulin | Alb./Giob. 
sited | No. | (yrs) | S| ee Progein, (g./100 ml.)(g./100 ml.)| Quotient 
| 1] 141M 19 3-4 13 21 0-6 
|} 2] 2 |M + 4-0 21 1-9 1-1 
f 3) aM 0 43 1-7 2-6 0-7 
eee oe 15 4-6 1-9 2-7 0-7 
Keratomalacia | 5 | 2 M 21 5-3 1-3 4-0 0-3 
1 6/3 |M 0 3-9 1-9 20 0-9 
Pere Te + 4-2 2-0 2-2 0-9 
Uae toy ae 0 5-1 1-4 3-7 0-4 
bo eee 18 3-9 1-5 2-4 0-6 
(102) Reps 43 2:0 2:3 0-9 
Cee $73 43 17 | 26 0-7 
Meee cs 0-21 | 3453 | 13-21 | 1940 | 03-11 
1|2 |M{ «4 57 | 29 | 28 1-0 
2/4 |M + 64 | 31 | 33 09 
4/3 IM] 2 ao eo oe ee 
Xerophthaimia | 5 | 2 |M| 20 71 37 | (34 1-1 
6 | 1+ |M 0 66 26 | 40 0-7 
7 | 3 | F 17 62 29 | 33 0-9 
8 2 M + 6-4 3-0 | 3-4 0-9 
9; 2 TF | 15 5.9 25 | 24 10 
6} 3° ( med Ol! @ 31 | 30 1-0 
| Mean aan i 193 | 62 | 30 | 32 | 09 
Rie ok. 0-23 | 57-71 | 25-37 | 28-40 ] 07-11 
Discussion 


_ The difference in the concentrations of serum proteins in the two groups 
is most striking. The mean level of the total protein of the keratomalacia 
group is 4-3 g./100 ml., while the xerophthalmia group gives an average of 
6:2 g./100 ml. The albumin-globulin ratio of the first group is 0-7 and that 
of the second group 0-9. Though the difference between the vitamin A 
values (+7-3 I.U. for the keratomalacia group and +9-3 I.U. for the xeroph- 
thalmia group) seems to be not significant, the clinical pictures of kerato- 
malacia and of xerophthalmia show typical difference. 

These findings suggest that, besides the lack of vitamin A, protein deficiency 
plays an important role in the pathogenesis of keratomalacia. The small 
number of cases does not permit any final conclusions to be drawn. The 
interrelationship of vitamin A deficiency, protein deficiency, and other 


possible deficiency factors in keratomalacia deserves further investigation. 
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CASE NOTES 


SCLERAL GUMMA* 


BY 
B. N. BHADURI ANp S. K. BASU * 


Calcutta 


THE incidence of scleral gumma is relatively rare, and within the last 10 years 
only one paper on the subject has been published (Mayzel,-1951). 


Case Report 


A married woman aged 47 years came to the Chatterjee Memorial Eye Hospital on 
November 2, 1954, with the history of sudden onset of pain and tenderness of the left 
eye 3 weeks previously. Since then she had noticed a small abscess-like swelling with 
redness around it in the upper part of the eyeball. 

Examination.—An almost round punched-out hole in the sclera was seen near the 12 
o’clock position about 2 to 3 mm. above the 
limbus. The uveal tissue underneath was exposed 
over an area of 2 mm. diameter, and was covered 
by the conjunctiva which was raised like a bulla 


over it. There was swelling and congestion of 
both conjunctiva and episcleral tissue around the 


opening, which simulated a trephine hole 
stretched somewhat vertically (Figure). The an- 


terior chamber and the other parts of the eye- 
ball, the eyelids, and the right eye were all 
normal. 

Previous Illness.—She had had smallpox at the 
age of 8 years, and inflammatory painful pelvic 
disorders associated: with discharge of blood and 
pus at the age of 17 years about 1} years after 
her marriage. The first and only pregnancy was 

at the age of 19. She had suffered from occa- 

FiGurE.—Position of scleral gumma. sional fits since then but was cured after an 

operation for dilatation and curetting of the 
uterus. She had had pleurisy without recurrence at the age of 37 years. 

Lavestigation and Treatment.—The vision in the affected eye was 6/6 without ghasses. 
Pupillary reaction to light and convergence were normal. The fundi were normal. 
Slit-lamp microscopy of the left eye under mydriasis showed a few opaque areas in the 
cortex of the lens beneath the anterior capsule near the equator in the 10 to I1 o'clock 
position. There were no pigment or cellular deposits on the surface of the anterior 
capsule. No keratic precipitates were found. The anterior chamber was normal in 
both eyes. The intra-ocular tension was 18 to 20 mm. Hg (Schiétz) with or without 


mydriasis. Both the Wassermann reaction and Kahn (flocculation) tests were positive 
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(double plus), and all other tests, including the Mantoux tuberculin test, were negative. 
A course of penicillin therapy (daily intramuscular injections in two divided doses of 
500,000 units for 25 days) was given, followed by a course of bismuth and later potassium 
iodide orally, 
Result.—The swelling and congestion of the eye gradually passed off and the open- 
ing in the sclera was filled up by fibrous tissue which remained whitish looking and 
somewhat thickened. 


Comment 


A history of past pelvic disorders associated with sanious discharge, 
infertility, the clinical course of the scleral lesion, its early spontaneous 
perforation and subsequent quick and complete recovery without incident 
after anti-syphilitic treatment, besides the positive Wassermann reaction 
and Kahn test indicate a scleral gumma. A single scleral gumma without 
involvement of the ciliary body is extremely rare. According to Duke- 
Elder (1938), Sorsby (1951), and Tassman (1951), this type of limbal gumma 
is usually secondary to lesions of the ciliary body. In the present case, our 
investigations elicited no positive sign of ciliary involvement. The only 
evidence is the presence of lental opacities close to the site of scleral inflam- 
mation. Further observation of the case for nearly a year showed the non- 
progressive nature of the lental opacities and absence of any other signs of 
chronic uveitis. 
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CONGENITAL FISTULA OF THE LACRIMAL GLAND* 
BY : 


F. J. DAMATO 
Paula, Malta 


THE CASE reported below is of interest because of its rarity and because of 
the unusual position of the fistula. In all the ten cases so far recorded in 
the literature, the opening is situated in the outer part of the upper lid just 
above the level of the tarsal plate. In one case—an abnormal lacrimal 
ductule reported by Ling (1926)—the aperture opens on to the skin lateral 
to the external canthus, which is deformed, because of failure of approxi- 
mation of the lateral extremities of the lids. 


Case Report 


A male infant aged 3 months was brought by his mother to hospital for examination, 
because she noticed tears coming out from the side of the right eye when the child cried 
or yawned. 

On examination, a small orifice could be seen in the skin 5 mm. lateral to the external 
canthus (Figs 1 and 2). 


Fic. 2.—Diagram of position 
of fistula in reported case. 


Fic. 1.—External appearance of orifice in the skin beside 
the right eye. 





* Received for publication April 9, 1956. 
‘ 506 





CONGENITAL FISTULA OF THE LACRIMAL GLAND 507 


The external canthus was normally developed. The opening was round, about 1 mm. 
in diameter and there were no lash-like hairs on the skin around it. No nodular 


enlargements could be felt near or around the opening. There was no sign that palpation 
of the region was followed by pain. Transparent fluid could-be seen discharging from 


the orifice on all occasions when tears flowed from the eye (Fig. 1). The flow continued 
so long as tears kept coming out of the eye and was increased by ordinary stimuli which 


augment lacrimation, such as cold wind or pain. So far, there was no evidence of 
excoriation or maceration of the skin around the orifice. A small probe could be 
passed for about 6 mm. in the direction of the lateral conjunctival fornix. 
Radiographical examination after injection 
of Lipiodol into the orifice showed that the 
fistula was in direct connextion with glan- 
dular tissue. The pool of liquid was local- 
ized to the lateral canthus region and had 
no relation with the lateral conjunctival 
fornix (Fig. 3). 


Comment 


It is of interest to consider the 
position of the fistula in some recorded 
cases. In acase described by Schorn- 
stein (1935) the orifice of the fistula 
was situated in the mid-line of the 
upper lid just above the tarsal plate 
(Fig. 4). 

In the case reported by Terlinck 
(1910), the fistula was situated lateral 
to the mid-line above the border of 
the tarsal plate (Fig. 5). 

: In the case reported by Ling (1926), 

Fic. 3.—Radiograph of skull showing the lateral extremities of the upper 

connexion of fistula with glandular tissue. gnd lower lids did not meet but 

merged into a semilunar fold of skin 

. and remained separated by a space 5 mm. wide. An anomalous lacrimal 

S ductule opened by an oblique slit-like orifice immediately external to the 
malformed canthus (Fig 6). 
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Fic. 4.—Position of fistula Fic. 5.—Position of fistula Fic. 6.—Position of fistula in 
in case described by in case described by case described by Ling 
Schornstein (1935). Terlinck (1910). (1926) 
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According to Duke-Elder (1952), most of these fistulae may be 
formed by an invagination of the surface epithelium at a higher level than 
usual before the lid folds have formed, so that the ductule originates from 
the cutaneous epithelium. 

Cange and Duboucher (1931) suggested that they may represent ectodermic 

-inclusions in the embryonic folding around the eye. Schornstein (1936) 
thought that the fistula might be due to the rupture of a congenital cyst. 

It is quite possible that the lacrimal fistula described in the case reported 
above is the opening of the ductule of one of the outlying accessory lacrimal 

’ glands described by Krause (1854). These are microscopic acinotubular 
glands scattered along the conjunctival fornix especially laterally (Whitnall, 
1932). 


Summary 
A case is described of a fistula of the lacrimal gland opening laterally to 
the external canthus which was normally developed. 
It is suggested ,that the fistula might be the opening of the ductule of one 
of the accessory lacrimal glands of Krause. 
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EPIDEMIC KERATO-CONJUNCTIVITIS IN THE 
CLYDESIDE AREA* 
BY 
JAMES WINNING 
Glasgow Eye Infirmary 


For the first time since the 1940s, there has been an outbreak of epidemic 
keratoco-njunctivitis in the Clydeside area. Small numbers of cases were 
seen in November, 1955, in all sections of the community attending the 
out-patients department of the Glasgow Eye Infirmary. In January, 1956, 
the number of cases increased to five or six per day, the majority occurring 
among workers in the shipyards and engineering shops, and, of these, about 
two-thirds were among workers on the ship itself—shipwrights, platers, 
riveters, and caulkers. The infection was not confined to metal workers 
alone, a small number of cases occurring in workers in other industries. 
Members of the same family were only rarely affected, but there were several 
cases of cross-infection in the hospital, both in the wards and in the casualty 
department. 

The incubation period appears to be about 10 to 12 days and the duration 
of the attack usually from 2 to 6 weeks. The clinical appearances consist 
of a typical follicular conjunctivitis, with preauricular adenitis. Many cases 
developed superficial punctate keratitis, which was followed, in some, by 
nummular interstitial opacities which are slow to clear. Both eyes were 
involved in several cases. Though the patients generally complained of 
feeling a foreign body in the affected eye, not all gave a definite history of a 
foreign body or trauma, such as a welder’s conjunctivitis, during the incu- _ 
bation period. 

As has been the experience in previous outbreaks, treatment with anti- 
septics and antibiotics appears to have little effect on the course of the 
condition, though symptomatic relief does appear to be obtained from the 
use of an ointment. 

The causal virus has been grown on tissue culture, and typing by serological 
methods shows that it belongs to the adenoidal-pharyngeal-conjunctival 
group of viruses. 

As the epidemic is still running its course, a detailed analysis of the figures 
cannot yet be given, but up to date seven hundred cases have been diagnosed. 
This annotation is presented at this time to draw the attention to the neces- 
sity for strict supervision of ambulance room and casualty department 
aseptic technique, to avoid the risk of producing cross-infection from 
droppers, tonometers, and other instruments. 





* Received for publication April 24, 1956. 
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APPLIANCE 


AN ACCESSORY FOR THE OPERATING TABLE* 
BY 


H. CAMPBELL ORR 
Wolverhampton 


ALL surgeons must at some time or other in the course of the more delicate 
operations have wished for something to give more stability to the hand or 
wrist. Professor Mercier at Tours uses an attachment at the head of the 
table which enables him to rest his arms and wrists when operating, but it 
is an expensive fitting and it was thought that something might be devised 
which was inexpensive and easily made. If it could be removed easily and 
taken to another hospital and fitted to any operating table this also would 
be an advantage. 


Ficure.—Hand-rests in position at head of operating table. 





* Received for publication April 4, 1956. 
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With the assistance of the hospital carpenter, Mr. C. J. Taylor, and the 
helpful criticism of my house officer, Mr. C. R. Kanagasundaram, the device 
illustrated was made and has proved excellent. The prototype was made 
in wood and the final piece in aluminium. 

The base board, which is made in plywood and covered with aluminium 
sheeting, 14 gauge, measures 24” x 9” x 4”, and a slot is cut in centre to allow 
small brass bolts to pass through it. A groove on the under surface allows 
the heads of the screws or bolts to move freely without catching ir the 
sheets on the operating table, but the same object could be achieved by 
attaching a layer of rubber sheeting to the under surface of the base board. 

The hand-rests measure 10” x7” across the top and are 54” high. The 
upper edge is curved inwards to prevent linen catching on it. The base of 
each hand-rest is made 3” narrower than the top, so that when the rests are 
brought up against the sides of the patient’s head no pressure is put on the 
ears and the patient is quite comfortable. The height of the patient’s head 
is adjusted by means of one or two sorbo rubber pads placed in - gap, and 
these act also as a pillow or cushion for the head. 

The hand-rests covered with sterile towels are brought gently against the 
sides of the patient’s head and then the screws inside the hollow box are 
tightened. This device has also proved useful when the operating theatre 
is short of staff, as it is a great advantage to be able to put down an instru- 
ment and then pick it up again without removing ones eyes from the field 
of operation. 

The total cost including the carpenter’s time was £4. 

In addition to those named I am indebted to Mr. Mulverhill, charge-nurse in the operating 


theatre, for suggestions, and to Mr. J. Hepburn for the sketch of the apparatus. ; 








BOOK REVIEW 


Strabismus—Diagnosis and Treatment. By B. CUSHMAN. 1956. Pp. 208, 11 figs. 
Kimpton, London. (45s.). 

This essentially practical book is written by an ophthalmologist who appreciates the 
value of accurate objective measurements (by means of the prism-and-cover test) of the 
angles of deviation before planning surgical treatment for strabismus. She stresses the 
importance of objective estimation of the deviation for near and distant fixation in the 
primary position, and for. near fixation in the six diagnostic positions of the gaze. 

Symptoms and subjective methods of examination are given scant attention, and in 
the 62 case histories recorded it is made clear in only a few instances whether the final 
post-operative result involved restoration of binocular single vision or whether the result 
was purely an improvement in ocular appearance. The author does, however, state 
that all squint work should be approached primarily from the standpoint of achieving 
binocular vision. 

The section dealing with surgery includes some useful: practical tips, such as “‘no 
definite amount of resection or recession will correct a given number of prism dioptres 
of squint”’, but no information is given as to the variable factors that must be considered, 
apart from actual measurement, when planning surgical treatment. Other helpful pieces 
of advice include the desirability of not hooking up the inferior oblique with the lateral 
rectus when doing a iateral rectus resection, and the importance of not injuring the 
inferior rectus when operating upon the inferior obliques. 

The aetiology of strabismus and defects of binocular function receive little attention, 
but there is a useful classification of ambylopia, and a good chapter on disjunctive acts. 

Although it is questionable whether there is such an entity as a “divergence centre”, 
or for that matter a “convergence centre”, the author uses the terms “‘centre” in this 
connexion as though it was a fact. The term “‘sursumvergence’’, which she uses as a 
substitute for “vertical divergence” or “right and left supravergence”’, is not generally 
accepted and may be misleading. 

Perhaps the most obvious omission is a proper description of the musculo-fascial 
structural anomalies. Admittedly Duane’s syndrome is briefly described, but, con- 
sidering how much has been recently written in the U.S.A. about the ‘“‘superior oblique 
sheath syndrome” one would expect to find it specifically mentioned. However, when 
the author states (on page 50): “The diagnosis of an inferior oblique paresis is not 
difficult. The inferior oblique shows a very definite underaction in most cases’’, she is 
presumably referring to this type of case. 

The description of operations on the various muscles is quite good, but the reviewer 
cannot agree that a mere 2-mm. recession of a medial rectus is of much value, nor does 
he consider that the author is justified in her criticism of myectomy and tenotomy of the 
inferior oblique (provided, of course, the indications are present). 

It is refreshing to read that she advocates general anaesthesia for nearly all strabismus 
operations and that she aims at avoiding operations which limit the action of the muscles. 

The main criticism one would make of this handy little book is that the style is too 
conversational and colloquial. Even if one accepts most of the list of abbreviations used 
in the text as being an inevitable indication of modern times, one just cannot (in all fairness 
to the late Bernard Chavasse) allow “chavasse” with a small ‘“‘c”, meaning “clear 
fingernail polish applied to the anterior surface of an eyeglass” (p. 14), to pass without 


protest! 
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COMMUNICATIONS 


BLOOD VESSELS OF THE BULBAR CONJUNCTIVA 
IN MAN*+ 
BY 
S. SPENCE MEIGHAN 
From the Western District Hospital, Glasgow 


LARGELY owing to technical difficulties the role of the capillary in human 
disease is not known. Chambers (1948) stated that an adequate survey of 


the capillary bed for study of the variations in its functional activity required 


' tissue in which the vessels could be traced from the arteriolar to the venular 


ends, and at the same time be exposed for observation with a minimum of 
' trauma so as not to upset the normal activity of the functioning components 
4 of the bed. In man, the only available site which fulfils these requirements 
' is the bulbar conjunctiva. 

The topography of minute vessels was greatly clarified by Chambers and 
Zweifach (1944), who demonstrated the existence of a structural unit in the 
architecture and physiological activity of the capillary bed. These investi- 
gators found, in the mesentery of the dog and the meso-appendix of the 
fat, occasional vessels of capillary dimensions through which the blood was 
flowing more rapidly than through the capillaries adjacent to them. These 
vessels originated as branches or as prolongations of the terminal arterioles 
and could be traced through the vascular bed until they merged with similar 
channels to form the venules. These thoroughfare or central channels were 
_ frequently varicose along their proximal portions. 

_ The capillaries were branches of the central channels. Along the proximal 
portion of a central channel the capillaries branched off more or less abruptly 


"and carried the blood away from it. Along the distal portion they joined 


_ at increasingly acute angles in the direction of the flow within the channel. 
The junctional segments of the capillaries leaving the meta-arteriole were 
designated the pre-capillaries, and were encircled by contractile muscle cells, 
_ the pre-capillary sphincters. The muscle cells of the junctional segments 

along the remainder of the central channel progressively diminished until, 
at the venular portion, they were absent. The true capillaries were purely 
endothelial vessels which extended between the _pre-capillaries and the 
capillaries which led into the venous channels. Capillaries were not branches 
only of the central channels. Along the length of a typical arteriole occa- 
sional capillary offshoots were seen. 


* Received for publication June 5, 1956 


tot This work was ate possible by financial grants from the W. H. Ross ee and from the Secretary of State 
i¢ Advisory Committee for Medical Research (Scotia 
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Fig. | shows a diagrammatic representation of Chambers and Zweifach’s 
concept of a structural unit. 

The terminal and meta-arterioles were observed to undergo alternate 
constriction and dilatation (spontancous vaso-motion). These phases 
occurred at irregular intervals of about [5 seconds to 3 minutes. The con- 

Striction was not so complete that the flow 

venale . stopped, although the rate of flow was affected, 
being slower during the constrictor phase of vaso- 

motion. : The pre-capillaries also exhibited vaso- 

} melerlenole motion in which the sphincters tended to close 
completely during the constrictor phase. Vaso- 

EY a motion produced an intermittent flow in the true 
oT phincter . capillaries, and when the constrictor phase 
predominated the main bulk of the blood from 

x the arterioles became restricted to the thorough- 
sigllines fare channels. The control of vaso-motion was 
considered to be under humoral and nervous 


C ; 7 
influence. : ; 
roe xX Although Jacobj (1920) had described main 


oe oy channels in which the blood was flowing at all 


times in frogs, and Klemensiewicz (1923) observed 
that during ischaemia the side branches from 
these main channels were closed, Zweifach (1937, 
1939) and Chambers and Zweifach (1944) were 
the first to demonstrate the widespread occurrence 
of arteriolar-venular channels of which the true 
capillaries were side branches, and the existence 
Fic. 1.—Diagram of func- Of a structural pattern in the minute vessels. 


capillaries 


venule 


tional unit of the capillary The concept of a structural and functional unit 


bed, witha meta-arteriolar- 
venular anastomosis 
(A-V-A) and a precapil- 
lary branching off directly 
from an arteriole (after 
Chambers and Zweifach, 
1944). 


in capillary organization was not accepted by all; 
Webb and Nicoll (1954) stated that in the bat’s 
wing they were unable to distinguish thoroughfare 


‘channels and could not accept such specialized 


structures as part of the fundamental pattern of 


capillary organization. Lutz and Fulton (1954) observed that in the cheek 
pouch of the hamster there was a rich network of vein-to-vein anastomoses 
and many arteriolar inter-communications; thoroughfare channels were not 
obvious. 

Modifying his earlier statements, Zweifach (1954) said that subsequent 
studies had indicated that a similar type of thoroughfare channel was present 
in tissue other than animal mesentery but to a modified extent. 

The view now held is that the true capillary is a non-muscular and there- 
fore probably non-contractile structure. Whatever the mechanisms involved, 
however, it is certain that the living organism can regulate the flow of blood 
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through its minute vessels. Sanders, Ebert, and Florey (1940) suggested 


that alteration in the calibre of the capillaries could be produced by swelling 
of the endothelial cells which occurred both spontaneously and in response 
to sympathetic stimulation. Chambers and Zweifach considered that these 
workers must have been observing the junctional segment of an abrupt 
offshoot from a larger vessel, since it closely resembled a contracted pre- 
capillary sphincter. 

The majority of studies of the topography of the minute vessels have 


been carried out in animals. It should not be taken for granted that the 


same vascular phenomena occur in man. 


The objects of the present investigation were to determine the normal 


appearances of the minute vessels of the bulbar conjunctiva in man, and to 
establish whether or not there existed a structural or a functional pattern 


of architecture. 


Clinical Material 

Two series of normal healthy subjects were examined. The first comprised sixty 
subjects (36 male, 24 female) aged between 9 and 76 years, in each of whom the left 
lateral bulbar conjunctiva was examined thoroughly on one occasion. The purpose of 
this study was to acquire familiarity with the normal appearances of the conjunctival 
blood vessels and to be able to differentiate the various vascular elements. 


For the second part of the investigation, eight normal, healthy, young subjects (3 male, 
5 female) aged between 23 and 31 years were used. In this group one area of bulbar 


conjunctiva was examined repeatedly over a period of not less than 2 months. 
Each subject examined felt well and gave no previous history of eye disease: the 


erythrocyte sedimentation rate (Westergren) was less than 10 mm./hr, and the blood 
pressure was within the normal range for age as described by Master, Garfield, and 


Walters (1948). 


Methods of Examination 


The subject was seated at an ophthalmological slit-lamp table. The chin was 
placed upon an adjustable rest and further stability for the head was provided by 
a forehead bar, also adjustable. The subject’s gaze was directed laterally to an 
object strategically placed to expose the maximum area of lateral bulbar con- 
junctiva compatible with comfort. A tungsten filament lamp in a lamp-house 
was focused upon the exposed surface which was directly observed through a 
stereoscopic dissecting microscope, using paired x5 or x 10 objective glasses and 
paired x10 eyepieces. This optical system therefore gave magnifications of fifty 
or one hundred diameters. A piece of heat-resisting glass was introduced between 
the light-source and the conjunctiva in order to eliminate the effects of temperature 
changes on the minute blood vessels. 

For the comfort and confidence of the subject a considerable working distance 
was necessary. This imposed a limitation of the magnification which could be 
employed. The use of a stereoscopic microscope was highly advantageous. At 
the higher magnification several disadvantages were encountered. The depth of 
field was reduced, and, as the eye is a globular structure, only a small area of 
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conjunctiva was seen clearly and sharply. The problem of the constant, slight 
involuntary movements of the eye became accentuated. The light source required 
to be much more intense to permit adequate observation and the subjective dis- 
comfort occasioned by such illumination therefore limited the magnification 
employed. 

For photomicrography, a monocular system was employed with a 1-5” objective 
and a x10 eyepiece. A 35-mm. eyepiece camera was fitted to a tube carrying a 
monitoring angle eyepiece. With such an instrument it was possible to keep the 
area to be photographed under observation up to and during the actual moment 
of exposure. The illumination was augmented by an electronic flash unit with 
an output of 100 joules, placed 9” from the eye. The duration of the electronic 
flash was about 0-001 of a second. Using a shutter speed of 0-02 of a second, the 
effective exposure time was the duration of the flash. 

In the first part of the investigation, arterioles, capillaries, and venules were 
distinguished easily. A single examination however was insufficient to determine 
the vascular pattern for three reasons: 

(1) Subjective discomfort made it impossible to observe the conjunctival vessels for 

more than 15 min. at a time. 

(2) It seemed likely that some blood vessels might be open at one time and closed at 
another, and that one examination might not reveal the normal complete 
peripheral vascular anatomy. 

(3) In many places the vascular pattern was too complex to be properly understood 
during one short observation. 





In the second part of the investigation, an arteriole was selected at random at 
the time of initial examination and the region of distribution of its branches 
noted. Several photomicrographs were then obtained, each focused at a slightly 
different point within the area to be studied. In this way a series of photographs 
each in focus at a slightly different point was obtained. These sharply focused 
areas were then cut out from the photographic prints and pieced together as a 
mosaic to form a composite photomicrograph which formed the basic plan for 
all future observations. Upon it were marked the direction of blood flow and 
the appearance of any blood vessels not apparent at the time of photography. 
For clarity of reproduction, the course of the blood vessels was traced on paper 
and drawn with India ink. In all figures, arterioles are shown with stippled 
centres, venules as broad black lines, and capillaries as single black lines. The 
term arterio-venous anastomosis will be used to describe a vessel which conforms 
to the description given by Grant (1930); other wide vessels which run from the 
arterial to the venous side will be termed arterio-venous communications. When 
doubt arose as to the identity of a portion of an arterio-venous communication, 
it was represented as arteriolar up to the point where the last capillary branch was 
given off. The direction of the blood flow is indicated with arrowheads. 

When, after repeated observation, it seemed probable that all blood vessels 
normally open had been observed, adrenaline hydrochloride (1: 1,000) was instilled 
into the conjunctival sac and the behaviour of each blood vessel noted. At a 
subsequent examination,. the minimum concentration of adrenaline which 
produced a discernible change in the blood vessels (the adrenaline threshold) was 
determined. The concentrations used were 1:100,000, 1:50,000, 1:25,000, 
1:10,000, and 1:5,000. In view of the rapidity with which dilute adrenaline 
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solutions lose constrictor activity, each solution was made up freshly from a 
stock solution of 1:1,000 strength immediately before instillation. Four drops 
of each solution were instilled proceeding from the weaker to the stronger solutions. 


Blood Supply of the Conjunctiva 


Three groups of blood vessels can be recognized. They are the posterior 
conjunctival vessels, or conjunctival vessels proper, the anterior conjunctival 
vessels, and the anterior ciliary vessels. From the lacrimal branch of the 
ophthalmic artery a peripheral arcade is derived. This arcade, situated at 
the upper border of the tarsus, supplies posterior conjunctival branches 
which pass upwards, bend round the conjunctival fornix, and descend to 
supply the bulbar conjunctiva, except for an area 4 mm. wide round the 
corneal rim. The peripheral arterial arcade of the lower lid is not always 
present; it is situated in front of the inferior palpebral muscle and has a 
similar distribution to that of the upper lid. The anterior ciliary vessels lie 
deep to the conjunctiva in the episcleral tissue; 4 mm. from the corneal rim 
they bend, pierce the sclera, and supply internal ocular structures. At this 
bend the anterior conjunctival vessels are given off; these supply the region 
round the corneal rim and send a few anastomotic twigs to join with the 
posterior conjunctival vessels. 

The posterior conjunctival vessels are mobile and move with the con- 
junctiva when the eyelids are closed. The other vessels do not move with 
the conjunctiva (Wolff, 1948). The conjunctival veins accompany the 
arteries. The blood is returned to the ophthalmic vein by a series of 
channels similar in course to the arteries. 

Another type of vessel is found in the bulbar conjunctiva, the aqueous 
vein. These vessels emerge from the deeper ocular structures some 2 mm. 
from the limbus and run centrifugally. They are filled partly with a clear 
fluid and partly with blood and are held to be exit channels for the aqueous 
humour (Ascher, 1942). 

Microscopic Appearances 

I. The posterior conjunctival vessels only were examined in detail. All 
types of minute vessel could be recognized. It was possible to identify 
arterioles, capillaries, and venules, both by their appearance and by the 
direction of blood flow within them. The walls of the blood vessels were 
not normally visible, but the width of the stream of circulating blood, in the 
absence of anaemia and haemodilution, provided a fairly accurate indication 
of the diameter of the vessel (Bloch, 1954). 


Arterioles.—These vessels were usually straight or gently curved and light red 
incolour. At magnifications of up to one hundred diameters it was not possible 
to perceive blood flow in the main arteriolar trunks. This was due probably to 
the opaque muscular wall and to the rapid rate of blood flow. In the terminal 
arterioles the flow of blood could be appreciated. 
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The calibre of the arterioles was even and regular in 55 subjects (92 per cent.) 
and showed beading in five (8 per cent.). The occurrence of small dilatations at 
points of bifurcation was frequent.. The average ratio of the diameters of the 
arterioles to the venules (a/v) in each subject was: 

; hy ere ei se 4 eh (10 per cent.) 

ise; ie oe .- 40 (66-7 per cent.) 

1 1 Weare big ae .. 14 (23-3 per cent.) 
The a/v ratio of the conjunctival vessels did not seem to be related to the age of 
the patient or to the a/v ratio of the retinal vessels. Inter-arteriolar anastomoses 
were seen occasionally. Spontaneously recurring phases of constriction and 
relaxation (“‘spontaneous vaso-motion”’) were observed. 


Capillaries—The capillaries were seen as fine hair-like structures of diameter 
just large enough to allow the passage of single blood corpuscles. The blood flow 
in some capillaries was constant, in others intermittent. Their calibre was even 
and regular, their course straight or gently curved. Looping and coiling were 
rarely observed. 

Venules.—The venules were dark red in colour and much more tortuous than 
the arterioles. The calibre of the venules was even and regular in 38 subjects 
(63-3 per cent.) and showed multiple local dilatations in 22 (36-6 per cent.). Veno- 
venous anastomoses in which the blood flow was often bi-directional were common. 


Arterio-Venous Anastomoses.—In all the subjects examined, dilated arterio- 
venous communications could be seen. These vessels were often tortuous. At 
this stage it was not possible to be certain of the exact nature of these vessels. 


Aqueous Veins.—These vessels were observed in fifteen of the subjects examined. 
As the aqueous veins passed laterally they were joined by conjunctival venules. 
A striking feature was the maintenance of the separate identities of the streams 
in the parent vessel for a considerable distance (Fig. 2). 


Fic. 2.—Aqueous vein 
joined by a venule; 
the blood main- 
tains its own 
identity in the 
parent vessel 
( x70). 
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II. The minute vessels in the area of the conjunctiva examined and their 
response to the local instillation of adrenaline will be described separately 
in each subject examined. Each figure is oriented in the position in which 
it was seen. 


Subject 1, male, aged 31 years (Fig. 3).—An arteriole ran alongside and then crossed its 
accompanying venule. A smaller arteriole was given off and this in turn gave several 
capillary branches (C). Both the arterioles exhibited spontaneous vaso-motion. All the 
capillaries represented in the figure were seen at each examination. The only variation 
which occurred was in the direction of blood flow in the capillary marked F, which was 
sometimes in one direction and sometimes in another. ‘The calibre of the arterioles and 
venules was regular. The small cluster of capillaries (mid-left in the figure) were slightly 
wider in diameter than the other capillaries. 

When adrenaline hydrochloride (1: 1,000) was instilled into the conjunctival sac, there 
was immediate constriction of the arterioles and venules. The rate of blood flow was 
markedly reduced; in the small arteriole flow was extremely slow. Blood flow stopped 
completely in all the capillaries except in the vessel marked D, where it continued but at 
such a reduced rate as to be hardly perceptible. The presumptive true capillaries did 
notempty. The reaction of the blood vessels to adrenaline was repeated on five separate 
occasions with an identical pattern of response. 

The adrenaline threshold was 1:5,000. No pattern of structural architecture was 
found in this area of conjunctiva. 





Fic. 3.—Subject 1 (1-mm. scale shown). Fic. 4.—Subject 2 (Scale as Fig. 3). 


Subject 2, female, aged 25 years (Fig. 4).—An arteriole gave off a smaller arteriolar 
branch; both vessels exhibited spontaneous vaso-motion. The vessel marked AV showed 
tortuosity and irregularity of calibre towards the venous end of its course. Blood flow 
was more rapid in this vessel than in the capillaries. In the vessel marked E the flow 
was intermittent, while in those marked C it was constant. All the capillaries were even 
in calibre and all the vessels shown were seen at each examination. 

When adrenaline hydrochloride was instilled, the arterioles and venules were markedly 
constricted. Blood flow continued within them but at a markedly reduced rate. A 
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reduced rate of flow was also observed in the vessel AV. Vessel E disappeared imme- 
diately after the adrenaline was applied but 3 minutes later reopened to allow a spurt of 
blood to enter and pass through the various branches to the venous outflow. The 
process of admission of small quantities of blood into the vessel E continued and was 
observed for 10 minutes, during which the time between each period of flow gradually 
diminished and the duration of flow increased. The blood passing along this vessel did 
not take quite the same course on every occasion but never did one of the branches 
convey all the blood; the capillaries marked F were always employed. The capillaries 
marked C disappeared from view. 

It could be suggested that the vessel AV was a thoroughfare channel (although it was 

of larger calibre than the capillaries), that the vessels C, E, and F were true capillaries, 
and that the pre-capillary sphincter at the junction between E and AV was particularly 
active in vasomotion. The adrenaline threshold was 1:25,000. 
Subject 3, female, aged 30 years (Fig. 5).—An arteriole divided to give two equal-sized 
branches. After giving off several capillary branches, the upper arteriole in the figure 
passed straight into a venule. All the vessels were even in calibre and were seen at each 
examination. The upper arteriolar branch was very active in vaso-motion and was 
obviously an arterio-venous communication of considerable size. 

After instillation of adrenaline hydrochloride, the arterioles and venules were greatly 
reduced in calibre and blood flow stopped in all the vessels except in the upper arteriole 
and the vessel AV, where it was maintained at a reduced rate. Forward flow in the 
lower arteriolar branch ceased, although a slight to-and-fro motion was just discernible. 
The majority of the capillaries (C) ceased to be apparent. 

Blood entering from the arteriole therefore passed through a dilated arterio-venous 
communication straight to a venule. The architectural pattern and the response to 
adrenaline indicated that this vessel was more in the nature of a thoroughfare channel 
than a true arterio-venous anastomosis; it closely resembled the vessel described in 
Subject 2. The adrenaline threshold was 1:25,000. 








Fic. 5.—Subject 3 (Scale as Fig. 3). Fic. 6.—Subject 4 (1-mm. scale shown). 
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Subject 4, female, aged 26 years (Fig. 6).—The striking feature in the area of conjunctiva 
studied in this subject was the existence of a large tortuous arterio-venous communica- 
tion of irregular calibre in which the flow of blood was constant. All the other blood 
vessels represented in the diagram were of even calibre, and each was seen at every 
examination. The arterioles exhibited spontaneous vaso-motion which was especially 
well marked in the upper arteriole in the figure. 

After instillation of adrenaline, blood flow continued in the tortuous vessel AV and 
in the vessel D, but at a greatly reduced speed: in the latter it was just perceptible. The 
capillaries remained visible although the blood flow within them ceased. The vessel AV 
was very similar to the vessels described in Subjects 2 and 3. 

The adrenaline threshold was 1:5,000. 


Subject 5, female, aged 26 years (Fig. 7).—Another broad arterio-venous communication 
(AV) was seen in which the blood flow was constant. Spontaneous vaso-motion was 
obvious in the arterioles. The calibre of all vessels was even. All the vessels represented 
were seen at each examination. 

The response to adrenaline was the same as in Subject 4, in that the flow of blood 
continued at a reduced rate in the arterio-venous communication but ceased in the 
capillaries. 

The adrenaline threshold was 1: 10,000. 





Fic. 7.—Subject 5 (1-mm. scale 
shown). 





q 


Subject 6, female, aged 23 years (Fig. 8 overleaf ).—The area of conjunctiva studied in the 
next three subjects showed a much more complicated vascular arrangement than those 
described previously. In the present subject there were three small arterioles all of equal 
diameter in the area under study. All the blood vessels observed were seen at each 
examination. The flow of blood was constant and rapid in the two vessels AV. These 
vessels, larger in diameter than the capillaries, were further examples of arterio-venous 
communications. Both communications showed calibre variation and tortuosity. The 
blood flow in the majority of the capillaries was intermittent, spurts of blood passing 
through them with short periods of invisibility between. 
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Fic, 8,—Subject 6 (1-mm, 
scale shown). 











After instillation of adrenaline the flow of blood ceased in all the capillaries although 


they remained visible. In the vessels marked AV, blood flow continued but at a reduced 
rate. In vessel D the flow continued, but so slowly as to be hardly perceptible. The 


two tortuous vessels AV resembled the arterio-venous communications described pre- 
viously, and the small vessel D was similar to the vessel similarly lettered in Fig. 1. 

The adrenaline threshold was 1:25,000. 
Subject 7, male, aged 28 years (Fig. 9).—Two large, wide arterio-venous communications 
(AV) were readily apparent. These vessels did not vary in calibre and blood flow was 
continuous within them. The arterioles showed spontaneous vaso-motion. A network 


of capillaries was observed, some of which were apparent at one examination and not 
at another. 


When adrenaline was instilled, blood flow continued but at a reduced rate in both 
arterio-venous communications, but it ceased in the capillaries; some capillaries dis- 
appeared from view but the majority remained visible. 

The adrenaline threshold was 1:25,000. 

Subject 8, male, aged 26 years (Fig. 10). In this, the most complicated region examined, 
four arterioles supplied blood to the area. Each showed spontaneous vaso-motion. An 
arterio-venous communication (AV) was seen in which the blood flow was rapid and 
constant. In the small area (right centre in Fig. 10), there were many capillaries in 
which the blood flowed sometimes in one direction and sometimes in another. The 
calibre of all the blood vessels was even. 

After instillation of adrenaline, the blood flow continued only in the vessel AV and 
in those marked D, but in the latter it was extremely slow. In the rest of the vessels 
blood flow ceased; in some places the capillaries disappeared and in others they remained 


visible. 
The adrenaline threshold was 1:25,000. 


Discussion 
It is now well established that blood can circulate through the tissues by 


two routes, either through the capillaries or through arterio-venous anas- 
tomoses. Although arterio-venous anastomoses were described in various 


organs by some of the older anatomists, little attention was directed towards 
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Fic. 9.—Subject 7 (1-mm. scale shown). Fic. 10.—Subject 8 (1-mm. scale shown). 
these structures until Grant (1930) and Grant and Bland (1931) demonstrated 


direct communications between the arteries and the veins in the rabbit ear 
and in human skin. These vessels were shown to be active in contraction 
and dilatation, Grant (1930) described muscular vessels, 20—70p in diameter, 
which were closed at ordinary room temperature; when the temperature 
rose or fell below a certain critical level they opened. They were con- 
stricted by adrenaline and dilated by mechanical stimulation, histamine, and 
acetylcholine. The illustrations in Grant’s article showed clearly that the 
arterio-venous anastomoses were capable of complete closure. Clark (1938) 
stated that these vessels behaved in much the same way as the arteries and 
arterioles but were decidedly more active. Clara (1939) listed as sites of 
occurrence of arterio-venous anastomoses, the nose, ear, glomus coccygeum, 
ovary, submandibular salivary gland, kidney, stomach, small intestine, 
mesentery, lymph nodes, and brain. 

Prinzmetal, Simkin, Bergman, and Kriiger (1947), by means of a technique 
involving the intra-arterial injection of glass spheres of known diameter, 
considered that they demonstrated the existence of arterio-venous anasto- 
moses in the normal human heart post mortem. If glass spheres of diameter 
many times greater than the average diameter of the capillaries could be 
recovered from the venous circulation of an organ after their intra-arterial 
injection, then the spheres must have travelled through channels which by- 
passed the capillaries. With this technique, Prinzmetal, Ornitz, Simkin, 
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and Bergman (1948) and Simkin, Bergman, Silver, and Prinzmetal (1948) 
were able to demonstrate the existence of arterio-venous anastomoses in the 
liver, spleen, and lungs of living animals and in human kidneys post mortem. 
Simkin and others (1948) considered that there was evidence of a universal 
distribution of arterio-venous anastomoses which had a poorly understood 
role in the regulation and control of the circulation. The technique of 
intra-arterial injection of glass spheres can be criticized on the grounds that 
there is no way of telling the structure of the arterio-venous channel through 
which they may have passed. While the morphology of arterio-venous 
anastomoses may vary in different tissues, it is important that some definition 
of what constitutes such a vessel be established. It could be suggested that 
an arterio-venous anastomosis be required to fulfil Grant's description; 
certainly the term ought not to be applied indiscriminately to any dilated 


channel joining an artery to a vein. 
Chambers and Zweifach (1944) stressed that the central channels of the 


capillary bed which they described were not strictly comparable with the 
arterio-venous anastomoses. Typically the arterio-venous anastomosis is 
a short muscular vessel which serves to shunt blood from an artery to the 
corresponding vein. 

The most striking feature of the minute vessels of the bulbar conjunctiva 
was the existence of many arterio-venous communications, frequently 
tortuous, uneven in calibre, and much wider in diameter than the capillaries. 
These vessels were always open, even after the loca) application of adrenaline. 
Each arterio-venous communication gave off capillary branches in its 
proximal portion and received similar branches in its distal segment. There 
was often a considerable length of vessel in between which neither gave nor 
received branches. This disposition of the capillaries around a central 
arterio-venous communication was similar to that described by Chambers 
and Zweifach in the mesentery of animals, although the central channel in 
the conjunctiva was wider. Functionally they provided a mechanism 
whereby rather large quantities of blood could be delivered into the veins 
when the capillaries themselves were closed. By their behaviour they 
resembled a thoroughfare channel. This conclusion is in accord with the 
findings of Grafflin and Corddry (1953). 

Regarding the architecture of the conjunctival vascular bed, Lee and 
Holze (1950) interpreted their findings in the conjunctival vessels as being 
generally in accord with those described by Chambers and Zweifach (1944) 
in the mesentery of animals. Grafflin and Bagley (1953) and Grafflin and 
Corddry (1953), however, stated that the vascular patterns exhibited endless 
variety, at times to the point of apparent randomness and suggested no 
definite plan of organization interpretable in terms of structural units. 
Nevertheless, by their acceptance of the arterio-venous communications as 
functionally similar to the thoroughfare channels, they did in fact accept 
some pattern of structural arrangement. 





BLOOD VESSELS OF THE BULBAR CONJUNCTIVA 525 


From the observations recorded in the present study, it is suggested that 
the arterio-venous communications present in the bulbar conjunctiva are 
more similar to the central or thoroughfare channels than to arterio-venous 
anastomoses. It is suggested that a structural pattern of architecture of the 
minute blood vessels exists in the bulbar conjunctiva of man, but only to a 
limited degree, and is certainly not as complete as that previously described 
in the mesentery of animals. 

No true arterio-venous anastomoses were seen. The demonstration of 
arterio-venous Communications of diameter considerably larger than the 
capillaries, but not justifying the name arterio-venous anastomoses, casts 
doubt upon the validity of experiments in which glass spheres were used to 
show the existence of vascular shunts. 

It is obviously of fundamental importance to define what constitutes an 
arterio-venous anastomosis. It is suggested that the name be reserved for 


a short muscular vessel having an activity as great or greater than that of the 
arteries and arterioles, and capable of complete closure in response to 


topical adrenaline. 

With regard to the sensitivity of the minute vessels to adrenaline, Lee and 
Holze (1950) stated that the adrenaline threshold in the conjunctival vessels 
was between 1:20,000 and 1:50,000 in a series of 51 normal subjects. In 
the present series, the adrenaline threshold ranged from 1:5,000 to 1:25,000. 


Summary 
(1) The minute blood vessels in the bulbar conjunctiva were studied in 


two groups of norma) subjects. The appearance of the various vascular 
structures is described. 

(2) The most striking feature of these blood vessels is the frequent occur- 
rence of arterio-venous communications, larger in diameter than the capil- 
laries, and frequently tortuous in course and irregular in calibre. These 
vessels resemble the ong channels previously described in the 
mesentery of animals. 

(3) A structural pattern of architecture of the minute vessels exists, but 
to a limited degree, and.is certainly not as complete as described in the 
mesentery of animals. 

(4) No arterio-venous anastomoses were seen. The need for structural 
definition of arterio-venous anastomoses is stressed. 
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ROLE OF A DISTINCTIVE CHOROIDO-RETINAL LESION 
IN THE PATHOGENESIS OF RETINAL HOLE 


A CLINICAL AND PATHOLOGICAL REPORT*t 
BY 


I. C. MICHAELSON 
Haifa, Israel 


THE association of retinal holes with retinal detachment was described 
shortly after the use of the ophthalmoscope began (Coccius, 1853). 

Since the work of Gonin (1931) it has been generally accepted that the 
retinal hole is the immediate and causative precursor of the detachment. 

Hole formation is not the primary lesion but results from degeneration, 
usually cystoid in type, or from atrophy of the retina (Zeeman, 1912; Leber, 
1916; Gonin, 1934; Vogt, 1936a, b). Possibly a disturbance of the vitreous 
also precedes hole formation, local fibrillar attachments of the vitreous being 
capable of disrupting the remaining fine inner layer of the retina (Leber, 
1882; Nordenson, 1887; Deutschmann, 1895, 1899; Addario, 1904; Gonin, 
1904; Lister, 1924; R6tth, 1933). 

The retinal degeneration or atrophy and the local vitreous changes are in 
turn probably not primary changes. The retinal condition depends upon 
the nutritional supply which has a double source—the chorio-capillaries and 
the retinal capillaries. Various factors may affect the nutritional supply. 
Myopia or perhaps senility may affect the chorio-capillaries (Hanssen, 1919) 
and unknown factors may cause a disturbance of the fine retinal vessels and 
so cause retinal degeneration (Iwanoff, 1864; Greeff, 1900; Best, 1904; 
Zeeman, 1912; Leber, 1916; Rahnenfihrer, 1916; Bruno, 1936; Vogt, 
1936a, b). A choroido-retinitis may lead to obstruction of the capillaries 
of both choroid and retina (Elschnig, 1914; Gonin, 1923; Vogt, 1929; 
Arruga, 1931; Duke-Elder, 1940). In the latter connexion a distinctive 
choroido-retinopathy has been described as frequently present in the neigh- 
bourhood of retinal holes (Michaelson, 1955). It is characterized by local 
pigment disturbance of the choroid and by phlebo-sclerosis in the overlying 
retina, the choroidopathy preceding the visible retinal changes. 

The present report is concerned with a clinical description of further cases 
in which distinctive choroido-retinopathy was present in the region of a 
retinal hole. In one case it was possible to examine the eye histologically. 





* This work was supported by a grant from the Arnold Reuben Fight for Sight Fund of the National Council to 
Combat Blindness, Inc. New York. 
t Received for publication November 7, 1955 
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Case 1, a married woman aged 45 years, suffered from detachment of the retina. The 
left eye, which had a myopia of 8 dioptres, is shown in Fig. 1. Close to the retinal hole 
pigmentary changes and sclerosis of the retinal vessels were seen about 5 mm. from the 
ora serrata. 


Case 2, a married woman aged 49 years, had had a retinal detachment in the right eye 
on March 29, 1955. The upper temporal quadrant of the left eye is shown in Fig. 2, as 
it was observed during a control visit to the clinic on January 3, 1954. This appearance 
had developed since 1953. About 5 mm. from the ora serrata was a choroidopathy 


Fic. 2.—Case 2, upper temporal 
quadrant of left eye as on January 
3, 1954. About 5 mm. from the 
ora serrata appears an area of 
choroidopathy comprising four 
discrete pigmentary changes, close 
to each of which the local vein is 
sclerosed. No hole was_ then 
observed despite careful 
examination. 
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Clinical Descriptions 

















Fic. 1.—Case 1, left eye, showing 
in neighbourhood of retinal hole 
pigmentary changes and sclerosis 
of retinal vessels about 5 mm. from 
the ora serrata. : 
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consisting of four discrete pigmentary changes, close to each of which the local vein 
showed sheathing and sclerosis. No retinal hole was then observed. This case was 
reported at the XVII International Congress of Ophthalmology (Michaelson, 1954), when 
it was stated that the case was being kept under observation. By May 30, 1955, the 
changes had developed which are noted in Fig. 3. The choroidopathy and the vascular 
sclerosis had markedly increased and a small retinal hole had developed. 


Fic. 3.—Case 2 (cf. Fig. 2), upper 
temporal quadrant of left eye as 
on May 30, 1955. The choroido- 
pathy and vascular sclerosis have 
markedly increased and a small 
retinal hole has developed. 


Case 3, a married woman aged 50 years, suffered from retinal detachment. Close to 
the retinal hole which was about 5 mm. from the ora serrata, pigmented choroidopathy 
and phlebo-sclerosis were seen (Fig. 4). 


Fic. 4—Case 3, pigmented 
choroidopathy and _ phlebo- 
sclerosis close to retinal hole, 
which is about 5 mm. from the 
ora serrata. 
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Clinico-Pathological Report 

Case 4, a man aged 39 years, who complained of defective vision, was found to have a 
detachment of the retina in the lower temporal quadrant of the right globe. A minute 
retinal hole was found in the flat portion of the retina in the 10 o’clock meridian about 
5 mm. from the ora serrata. In the neighbourhood of this hole were small areas of 
pigmentary disturbance and sheathing of a retinal vein (Fig. 5). The visual acuity of 
the right eye was 5/5 (letters) and the refraction +1 D sph.; the left eye was normal in 
all respects and had a visual acuity of 5/5. 
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Fic. 5.—Case 4, enlargement of 
retinal hole area noted in 10 o’clock 
meridian. 


As there was no apparent connexion between the retinal hole and the retinal detach- 
ment observed in the right eye, and as a most definite shadow was found on transillumina- 
tion of the detached area, enucleation of the globe was performed. The globe was fixed 
in formalin and thereafter the fundus was examined by means of the slit-lamp after 
removal of the cornea and lens. Gentle wiping away of the vitreous facilitated the 
observation of the fundus. It was noted that the vitreous was adherent to the retinal 
hole area observed clinically at 10 o’clock. The slit-lamp appearance (Fig. 6) shows a 








Fic. 6.—Case 4, slit-lamp appear- 
ance of retinal hole area. A row 
of minute holes extends from the 
single one noted clinically; the 
phlebo-sclerosis is more extensive 
than can be observed clinically. 
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row of minute holes extending from the single one seen macroscopically ; the phlebo-sclerosis 
ve a is more extensive than could be observed clinically. The portion of the globe containing 
mute the detached portion of the retina was embedded separately. Sections confirmed the 
bout diagnosis of a choroidal sarcoma. The portion of the retina and choroid at the site of 
the hole area was removed by means of a 4-mm. trephine. Unfortunately the retina and 
















. of choroid separated from each other and had to be embedded separately. Before embed- 
ah in ding the retina, block examination was carried out using a microscope. From this 


examination a scale drawing was made in order to make certain the exact localization of 
the changes noted with the help of the ophthalmoscope and slit-lamp. With the help 
of the scale-drawing and by suitably orientating the retinal block, it was possible to be 
certain that, for example, section No. 340 was in the hole area. 


Histological Examination: 
(1) A retinal hole was situated in a local area of extreme retinal atrophy (Figs 7 and 8). 


Fic. 7.—Case 4, area of 
extreme retinal atrophy 
surrounding retinal hole 
(x 100). 
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Fic. 8.—Case 4, completz 
absence of tissue con- 
Stitutin; retinal hole 
(x80) 
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The meeting of the inner and outer nuclear layers at the edge of the hole is shown in 
Fig. 9. This appearance obviates any possibility that the hole may have been an artefact. 

(2) Hyaline changes in the vessel had been observed clinically (Fig. 10), but differential 
stainings of these sections were not obtained. 








Fic. 9.—Case 4, edge of hole illustrated in Fig. 8. The meeting of the inner and 
outer nuclear layers can be well seen, and obviates the possibility that the hole may 


have been an artefact (x 460). 








Fic. 10.—Case 4, sclerosis of retinal vessel observed clinically (Fig. 1). Haematoxylin 


and eosin ( x 460). 
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n in (3) A fibrillar disturbance of the vitreous overlay the area of retinal atrophy. Because 
fact. of the attachment of the disturbed vitreous to the retina, the inner layer of the latter is 
ntial apparently pulled away from the remainder of the retina (Fig. 11). 








Fic. 11.—Case 4, fibrillar disturbance of vitreous in area close to retinal hole. The 
attachment between the retina and the disturbed vitreous has apparently caused a 


splitting of the retinal tissue ( x 460). 





Fic. 12.—Case 4, atrophy of overlying choroid, the vessels being almost completely 
obliterated. The torn portion of the choroid probably represents local adhesion to 
the retina (x 100). 
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(4) Pigment migration investing retinal vessels. 


(5) Atrophy of the overlying choroid in which the vessels are no longer to be seen, 
The torn portion of the choroid probably represents local adhesion of the choroid to the 


retina (Fig. 12). 
Discussion 


To the clinical description of the distinctive choroido-retinopathy noted in 
the neighbourhood of some retinal holes (Michaelson, 1954) the above 
histological report adds the following facts: 

(i) The local choroid is atrophic and its vessels almost obliterated; 
(ii) Some of the pigment noted ophthalmoscopically is seen to be 
intraretinal; 
(iii) The sheathing of the local vessels is due to a hyaline degeneration; 
(iv) There is fibrillar disturbance of the local vitreous; 
(v) More holes may be present than are clinically noted. 

The occurrence of a retinal hole in an eye removed because of choroidal 
sarcoma seems inexplicable. That it was fortuitous was clear from the 
relative situations of the hole and the detachment caused by the tumour. 
The histological findings of this case support the clinical findings and suggest 
that, in the pathogenesis of certain retinal holes, an atrophic pigmented 
choroidopathy is associated with a local retinal phlebo-sclerosis and a 
fibrillar disturbance of the adjacent vitreous. The former give rise to an 
atrophy of the retinal tissues which is possibly torn by the pull of the changed 
and adherent vitreous fibrils. The pre-requisites for hole formation diversely 
postulated or emphasized by different authors on theoretical, clinical, and 
histological grounds are apparently supplied collectively by a single dis- 
tinctive choroido-retinopathic process. The process would appear to meet 
the two pre-requisites for degeneration and atrophy of the entire thickness 
of the retina—closure of the local chorio-capillaries and closure of the local 
retinal vessels. At the same time this process would appear to be accom- 
panied by degeneration of the local vitreous. 

The cause of the process may be a general disturbance not confined to 
the eye. A report on this will be given in a later publication. In this 
connexion should be quoted the words of Duke-Elder (1940): 


The essential factor in the aetiology (of hole formation) is the preceding 


inflammation or degeneration which rendered possible its occurrence; it is 
the process which gave rise to this which is the true cause of the condition 


and should receive primary consideration in treatment. 


Summary 
(1) Clinical descriptions are given of a distinctive choroido-retinopathy 
preceding the development of retinal hole in cases of retinal detachment. 
(2) A histological description is given of a lesion of this kind which had 
been noted and sketched clinically. 
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REACTION BETWEEN DEHYDROASCORBIC ACID AND 
DIALYSED LENS EXTRACT IN VITRO* 


BY 
J, GLOSTER 


From the Institute of Ophthalmology, University of London 
Director of Research: Sir Stewart Duke-Elder 


Ir is generally accepted that the high concentration of ascorbic acid in the 
aqueous humour in some species is due to active transfer of this substance 
from the plasma into the eye by the ciliary epithelium. However, the 
possibility of ascorbic acid formation in the eye has not been disproved, 
and Barany and Langham (1955) stated that, in the rabbit, a concentration 
of 10-14 mg./ml. ascorbic acid in the aqueous humour could be due to 
synthesis within the eye. 

Some recent experiments in vitro (Mishima, 1952; Uyama and Ogino, 
1955; Uyama, Ogino, and Mishima, 1955) suggest that ascorbic acid may 
be formed in the lens’ from mannose or glucose, but earlier investigations 
were concerned with the possibility of the formation of ascorbic acid from 
dehydroascorbic acid. Borsook, Davenport, Jeffreys, and Warner (1937) 
found that dehydroascorbic acid was reduced: rapidly at pH 7 and 37-5° C. 
by glutathione, and the possibility that this reaction occurs in the lens, 
resulting in ascorbic acid formation, was studied by Kinsey (1950). He 
found that when solutions of dehydroascorbic acid were incubated with 
intact cattle lenses there was no ascorbic acid formation, but reduction of 
dehydroascorbic acid was observed when crushed lenses were used. Despite 
these in vitro results, Kinsey found that the injection of dehydroascorbic 
acid solutions into the posterior chamber of the living rabbit did not give 
rise to an increased concentration of ascorbic acid in the anterior chamber. 

Recently, Langham and Heald (1956) have studied the effect of dialysed 
extracts of rabbit lenses upon the reaction between dehydroascorbic acid 
and reduced glutathione. . They found that the addition of dialysed lens 
extract increased the rate of formation of ascorbic acid, but considered 
that the acceleration of the reaction was probably not enzymic. This view 
was supported by two observations: 

(i) The acceleration of the reaction was not abolished by heating the lens 

extract (but was, in fact, increased); 

(ii) Some ascorbic acid was formed when lens extracts were incubated 

with dehydroascorbic acid in the absence of glutathione. 

The present investigation was undertaken to follow up these observations 
by studying the reaction between dialysed lens extracts and dehydroascorbic 
acid. It was of particular interest to ascertain whether this reaction was 
influenced by previous heating of the lens extract. Also, some features 





* Received for publication May 18, 1956. 
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of the reaction between dehydroascorbic acid and lens extract were com- 
pared with the reaction between dehydroascorbic acid and reduced 
glutathione. 


Methods 


(1) Preparation of Lens Extracts.—Lenses were removed from the eyes of adult 
pigmented rabbits not more than 30 min. after the death of the animal. The 
lenses were ground up with glass powder and twice their volume of glass-distilled 
water. The resulting mush was transferred to 4-inch diameter dialysis tubing, 
and was dialysed against running tap-water for 4-8 hrs at room temperature and 
afterwards against glass-distilled water for 16-20 hrs in a refrigerator at 4° C. 
During this period the glass-distilled water was changed two or three times. The 
total duration of dialysis was not less than 24 hrs. After dialysis, the extract was 
centrifuged at 3,000 r.p.m. for 20 min. and the supernatant liquid was used for 
the experiments. 


(2) Preparation of Solutions of Dehydroascorbic Acid (DHA).—60 mg. ascorbic 
acid was dissolved in 10 ml. glass-distilled water. Bromine was added slowly 
until the faintest yellow colour appeared. Nitrogen was bubbled through the 
solution and this was continued for 20 min. after the disappearance of the yellow 
colour. The pH of the solution was adjusted to 7 by the addition of sodium 
hydroxide solution. 

In some experiments, the DHA solution was prepared from dehydroascorbic 
acid methanolate (6 mg./ml.). 


(3) Reaction between Dehydroascorbic Acid Solution and Dialysed Lens Extract. 
—The experiments were conducted at pH 7 in a Sorensen phosphate buffer. The 
DHA solution, lens extract, and buffer were incubated in stoppered glass tubes 
in a water-bath at 37°C. Three tubes were usually set up as follows: 








Tube Sorensen Buffer Water (ml.) Lens DHA 
pH 7-0, 0-06 (ml.) Extract (ml.) Solution (ml.) 
I 0-8 3-2 1-4 0 
II 0-8 4-1 0 0-5 
Ill 0-8 2:7 1-4 0-5 














In two experiments 1-6 ml. buffer were used, with a corresponding reduction 
in the volume of water added, in order to retain a total volume of 5-4 ml. 

Immediately after addition of the lens extract and DHA, the contents of a tube 
were mixed rapidly and 0-2 ml. was withdrawn for titration against 2:6-dichloro- 
phenolindophenol. The tube was then placed in the water-bath at 37°C. At 
20, 40, and 60 min. after the beginning of incubation, further specimens of 0-2 ml. 
were withdrawn from the tubes and titrated against 2: 6-dichlorophenolindophenol. 


(4) Reaction between Dehydroascorbic Acid Solution and Reduced Glutathione 
(GSH).—1 ml. glutathione solution was incubated with 0-8 ml. Sorensen buffer 
(pH 7), 3-1 ml. water, and 0-5 ml. DHA solution, following a procedure similar 
to that described for the reaction between DHA and lens extract. The GSH 
solution was prepared immediately before the start of the experiment by dissolving 
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20 mg. reduced glutathione (Distillers’ Company) in 10 ml. water. Titration with 
iodine showed that the glutathione was 95 per cent. pure with respect to sulphydryl 
groups. 

(5) Titration with 2:6-dichlorophenolindophenol.—A stock solution of 2:6- 
dichlorophenolindophenol was prepared by dissolving 100 mg. dye in 100 ml. 
distilled water. Before’ each experiment, one part of the stock solution was 
diluted with two parts of distilled water and filtered. The titration was done in 
a phosphate-citrate buffer pH 4, prepared by mixing three vols 0-2 M disodium 
hydrogen phosphate with five vols 0-1 M citric acid. 

0-14 ml. diluted dye solution were added from a micro-burette to 4 ml. phosphate- 
citrate buffer in a colorimeter tube. Each 0-2-ml. sample, withdrawn from a tube 
during incubation, was added to the contents of the colorimeter tube, and readings 
of the optical density were taken in an “‘EEL”’ portable colorimeter at 60, 90, and 
120 sec. after mixing. Repeated readings of the optical density were taken in this 
way in order to minimize interference from substances which decolorize 2:6- 
dichlorophenolindophenol at a slower rate than ascorbic acid. If fading did 
occur during the titration, a correction was applied by adding the difference 
between the 60 and 120 sec. reading to the 60 sec. reading, so that a value was 
obtained for the optical density at the time of adding the sample of reaction 
mixture to the dye. The 90 sec. reading was of value in determining whether the 
rate of fading was uniform over this period; this was found to be so in the majority 
of titrations. 

After each experiment, the dye solution was titrated against three standard 
solutions of ascorbic acid containing 30, 20, and 10 mg./100 ml. respectively; 
0-1 ml. of each standard solution was added in turn to 4 ml. phosphate-citrate 
buffer containing 0-14 ml. dye solution, and colorimeter readings were taken. A 
blank determination, omitting the ascorbic acid, was also done. With these data, 
the titration values of the specimens withdrawn from the reaction mixtures could 
be expressed in terms of ascorbic acid concentration. Whether or not it is justi- 
fiable to assume that their capacity to decolorize the dye is due entirely to their 
ascorbic acid content will be discussed later, and, bearing this in mind, the results 
will be expressed as concentrations of AA in yg./ml. 





Results 


(a) Reaction between Lens Extract and Dehydroascorbic Acid.—Fig. 1 (oppo- 
site) shows an experiment in which lens extract was incubated with DHA, in 
the presence of a Sorensen buffer pH 7; it shows that the concentration of 
AA increased more rapidly in the tube containing buffer, DHA, and lens 
extract than in the other two tubes, one of which contained buffer and 
DHA, and the other buffer and lens extract. Similar results were obtained 
in eight experiments, the results of which are given in Table I (opposite). 

In experiments with extracts L7 and L8, 1-6 ml. buffer was used instead of 
the usual 0-8 ml. In each experiment the concentration of AA in Tube III 
exceeded the sum of the concentrations of AA in Tubes I and II at the 
corresponding times. 
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20- : Buffer +DHA+Lens 
E is. 
= 
2 
Fic. 1.—Reaction be- 10- 
tween DHA and dia- rs: 
lysed lens extract. 
Buffer+ DHA 
S- 
re) 
Buffer +Lens 3 
° T , 
° 20 40 60 
TIME (min.) 
TABLE I 
REACTION BETWEEN LENS EXTRACT AND DHA 
Concentration of AA (yg/ml.) 
Lens Time Tube I Tube II Tube II 
Extract (min.) Buffer Buffer Buffer 
Lens Extract DHA Lens Extract 
DHA 
L.1 20 26 0 12:9 
40 6:0 0 17-2 
60 3-4 0 19-8 
20 0 28 8-4 
L.2 40 0-6 23 14-0 
23 5-1 16:3 
20 2-9 1:2 9-3 
L.3 40 2-9 1-2 13-4 
60 3-5 23 13-9 
20 0-7 3-4 10-7 
L.4 2:0 4-7 16-0 
2:0 6:0 20-1 
20 6:1 0 11:4 
o. 5 40 5:3 0 12:1 
3-0 1-5 20:5 
20 0 1:3 68 
L.6 40 0:7 1:3 9-4 
0-7 26 11-4 
20 1-3 1:3 11-4 
L.7 40 0 3-2 19-0 
0 3-8 17:1 
0 0 6-1 
0-6 6:7 12-2 
0 10-9 17:1 
































J. GLOSTER 





540 


The same effect was observed when DHA solution prepared from dehydro- 
ascorbic acid methanolate was used instead of the solution obtained by 
oxidation of ascorbic acid with bromine, a typical result being illustrated 
in Fig. 2. 

20- 
Buffer + DHA + Lens 














2 
£ 
oa 
- 
3 Fic. 2.—Reaction 
10~ between DHA metha- 
Ff nolate and dialysed lens 
KE extract. 
a 
5 
a 57 
+5) 
° — + ’ 
° 20 40 60 
TIME (min.) 


During the titration of specimens from Tube I (containing lens extract 
and buffer) in each of the experiments recorded in Table I, no difference was 
observed between the colorimeter reading at 60 sec. and that at 120 sec. 
Therefore, none of the lens extracts contained a detectable quantity of 
substances which cause slow bleaching of 2:6 dichlorophenolindophenol. 

The rate of formation of AA increased as the amount of lens extract 
added was increased, as is shown in Fig. 3 (opposite). The DHA used in this 
experiment was prepared from dehydroascorbic acid methanolate. 

It was noticed that a faint yellow or brown colour developed occasionally 
in the tubes containing DHA and buffer. This colour change in solutions 
containing dehydroascorbic acid and ascorbic acid is well known (Kenyon 
and Munro, 1948; Schwartz and Leinfelder, 1955) and is probably due to 
the aerobic decomposition of ascorbic acid. The effect occurred in very 
few of the experiments and, since it was no more noticeable in the tubes 
containing lens extract than in those containing DHA and buffer only, no 
significance was attached to this observation. 

(b) Reaction between Heated Lens Extract and Dehydroascorbic Acid.— 
Lens extracts were divided into two portions, one of which was kept at 
room temperature, while the other was heated in a water-bath and then 
allowed to cool. Both were added to DHA and buffer in separate tubes 
and incubated in the manner described (Table II, opposite). 

Preliminary heating of lens extracts to 37 or 50° C. for 4 hrs had no effect 
on their subsequent reactions with DHA. However, extracts which had 
been heated to 60°C. for 4 hrs or to 100°C. for 5 min. showed greatly 
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50- 
Bufter +DHA + 2:6 mi, Lens extract 
40- 
& 
& Buffer + DHA+1-4 mi.Lens extract 
3 30- 
Fic. 3.—Reaction § 
between DHA and dia- = 
lysed lens extract. 3 
- 20- 
é Butter + DHA+ 0-7 mi. Lens extract 
é 
10- 
os Buffer +DHA 
.] r — ~ 
Oo. 20 40 60 
TIME (min.) 
TABLE II 


EFFECT OF PREVIOUS HEATING OF LENS EXTRACT ON 
REACTION BETWEEN DHA AND LENS EXTRACT 























Concentration of AA (yg./ml.) 
Preparation of 
Heated Lens 
DHA+Lens | DHA+ Heated Extract 
Extract Lens Extract 
Pore cin’, 0-8 ml. Buff 0-8 ml. Buff 
xtract |(min.)| 9. -8 mJ. Buffer | 0- . Buffer 
0°8 ml. Buffer | 1.4 ml. Lens | 1-4 ml. Heated| 0-8 ml. Buffer | 0-8 ml. Buffer 
. Extract Lens Extract} 0-5 ml. DHA | 0-5 ml. DHA Tem Time 
4ml. Lens | 1.4 ml. Heated) (°C . 
Extract Lens Extract ° 

L9 20 0 3-5 1-2 5:8 5-8 37 4 hrs 
40 1-7 29 3°5 9-2 9-2 
60 1-7 233 1-2 10-9 12-1 

L.10 20 0 0 0 3°5 1-2 50 4 hrs 
40 0 29 0 5-8 5-2 
1:8 29 0 9-3 5-8 

Ll 20 2-4 0 3-1 11-6 20-2 60 4 hrs 
40 3-7 0 0 17-7 30-0 
60 49 0-6 49 19-5 41-0 

L.12 20 0 1-8 6°5 12-4 67-4 100 5 min. 
40 1:8 0 0 17:7 76:1 
60 1-2 41 0 16-0 768 





























enhanced activity when incubated with DHA, both the rate of formation 
of AA and the total amount of AA produced being increased. 

(c) Reaction between Reduced Glutathione and Dehydroascorbic Acid.— 
A solution of glutathione (2 mg./ml.) was incubated with DHA under the 
same conditions as for the reaction between lens extract and DHA. The 
effect of preliminary heating of the GSH solution was also studied in order 
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to make a comparison with the corresponding experiments with lens extract. 
The results appear in Table III and three points need special mention: 


(i) The rate of formation of AA with this GSH solution is approximately 

equal to the rate found with many of the lens extracts. 

(ii) Preliminary heating of the GSH solution did not increase the rate of its 
reaction with DHA. 

(iii) When the specimens from the tubes containing GSH and DHA were 
titrated, there was a definite decrease in optical density between the 
60 sec. and 120 sec. readings, whereas there was no fading during titra- 
tion of the reaction mixtures in the experiments with lens extracts. 


TABLE III 


EFFECT OF PREVIOUS HEATING OF SOLUTIONS OF GLUTATHIONE ON 
REACTION BETWEEN GSH AND DHA 


























| Concentration of AA (ug/ml.) 
Time 
(min.) Unheated GSH GSH Solution kept at GSH Solution kept at 
Solution 60° C. for 4 hrs 100° C. for 5 min. 
| before Use before Use 
20 | 96 | 11-6 | 128 
40 | 15-4 14-8 | 16-0 
60 | 17-3 | 15-4 | 14-8 
Discussion 


The experiments described above demonstrate that dialysed lens extracts 
react with dehydroascorbic acid at 37°C. and pH 7 to yield one or more 
substances which decolorize 2:6-dichlorophenolindophenol. It is neces- 
sary to consider how much of the product, referred to as AA, can be assumed 
to be ascorbic acid. It is known that certain substances, such as glutathione, 
cysteine, and cystine, bleach 2:6-dichlorophenolindophenol, but these act 
at a slower rate than ascorbic acid. This has been studied by Meunier 
(1937), Bessey (1938), and Evelyn, Malloy, and Rosen (1938); the last- 
named pointed out that a correction for these interfering substances can be 
applied by taking successive readings during the colorimetric determination. 
A similar procedure was followed in this investigation and a correction was 
applied, and it is therefore concluded that sulphydryl compounds do not 
account for an important fraction of AA. However, the possibility remains 
that, during incubation, other substances were formed which were capable 
of decolorizing the dye as rapidly as ascorbic acid. Penney and Zilva (1943) 
studied the degradation of dehydroascorbic acid to 2:3-diketogulonic acid 
at pH 7-4, and reported that an “‘indophenol-reducing substance” was pro- 


duced. The amount of this substance which was formed was comparatively 
smal] and the maximal production was not attained for 2 hrs; it seems likely 
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therefore that the product AA did not contain a high proportion of sub- 


stances of this nature, It appears reasonable to conclude that most of the 
AA is ascorbic acid and it will be considered as such. 

With regard to the mechanism of the reaction between lens extracts and 
DHA, one possibility is that the activity of the extracts was due to reduced 
glutathione which was retained in spite of dialysis; this explanation was 
rejected by Langham and Heald (1956) since they found that the activity of 
the extracts was not diminished by prolongation of the dialysis. The 
experiments reported above provide a further reason for rejecting the possi- 
bility of retention of reduced glutathione in the extracts. It was found that 
a reaction mixture, containing sufficient glutathione to form ascorbic acid 
from DHA at a rate comparable with that obtained with lens extracts, 
bleached the dye slowly during the colorimetric determination. If the 
activity of the lens extracts were attributable entirely to retained glutathione, 
then slow bleaching of the dye would be expected with the reaction mixtures 
containing lens extract, but in fact the colorimeter readings were steady. 

The sulphydryl groups of compounds other than glutathione are capable 
of reducing DHA, and Szent-Gyorgyi (1928) demonstrated that “fixed” 
sulphydryl groups were active in this respect, since he observed the reduction 
of “oxidized hexuronic acid” by washed muscle. It is well known that lens 
proteins, especially 8-crystallin, are rich in sulphydryl groups, and it appears 
possible therefore that the reduction of DHA to ascorbic acid was effected 
by the protein sulphydryl groups in the lens extracts. 

The reaction between lens extract and DHA was potentiated if the extract 
had been heated previously to temperatures of 60° C. or more, an effect 
contrasting with the reaction between glutathione and DHA, which, as was 
expected, was not enhanced by preliminary heating of the glutathione solu- 
tion. It is possible that heating the lens extracts resulted in an increase in 
the number of sulphydryl groups, derived from lens protein, which were 
available for reaction with DHA and thereby increased the rate of ascorbic 
acid formation. An alternative explanation is suggested by the investigation 
by Pirie and van Heyningen (1954) of the changes in the concentrations of 
reduced and oxidized glutathione in extracts of lenses, prepared by extraction 
with water or with solutions of ethylenediaminetetraacetate (EDTA). These 
workers found that boiling caused regeneration of reduced glutathione in 
stored lens extracts prepared with EDTA. Their explanation of this finding 
was that oxidized glutathione cannot be separated easily from lens proteins 
and so dialyses rather slowly out of lens extracts, and that subsequent 
boiling results in its reduction by protein sulphydryl groups. Although it 
is possible that the increased reaction of heated lens extracts with DHA 
could have been due to regeneration of reduced glutathione by this 
mechanism, such an explanation is improbable, since aqueous. extracts 
prepared from fresh lenses would not be expected to contain significant 
amounts of oxidized glutathione, according to the work of Dische and Zil 
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(1950). These workers showed that the trichloracetic acid-soluble fraction 
of extracts of normal lenses of various species contained no significant 
amounts of oxidized glutathione. 

It is clear that the reaction which has been demonstrated between DHA 
and dialysed lens extracts could account for the acceleration of ascorbic 
acid production from DHA and glutathione after addition of lens extract, 
as reported by Langham and Heald (1956). Moreover, their further 
observation that heated lens extracts caused greater acceleration of the 
reaction between DHA and glutathione than extracts which had not been 
heated may be explained by the finding that the reaction between DHA and 
lens extracts was more rapid when the extracts had been heated previously 
to temperatures of 60°C. or more. These findings do not disprove the 
presence in lens extracts of an enzyme system catalysing the reaction between 
DHA and reduced glutathione, but they make evident a difficulty in the 


investigation of the existence of such an enzyme. 


Summary 


Dialysed extracts were prepared from rabbit lenses and incubated with 
solutions of dehydroascorbic acid at pH 7 and 37°C. During incubation 
there was a progressive increase in the capacity of the reaction mixture to 


decolorize 2:6-dichlorophenolindophenol. The product of the reaction 
was thought to be mainly ascorbic acid. The rate of formation of ascorbic 


acid was increased if the lens extract had been heated previously to tempera- 
tures above 60°C., a fact which demonstrates that the reaction is not 


enzymic in nature. It is suggested that the sulphydryl groups of the lens 
proteins were responsible for the reduction of dehydroascorbic acid and that 
the number of available sulphydryl groups was increased by heating the 


extract. These observations do not by any means constitute proof that the 
ascorbic acid in the aqueous humour is lenticular in origin. 


I wish to thank Dr. Maurice Langham for his advice during the preparation of this paper. 
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EFFECT OF HYALURONIDASE ON THE VISCOSITY 
OF THE AQUEOUS HUMOUR* 


BY 


J. A. BESWICK ann CLEMENT McCULLOCH 
Department of Ophthalmology, University of Toronto, Ontario 


BARANY and Scotchbrook (1954) described a hyaluronidase-sensitive barrier 
to aqueous outflow in the angle of the anterior chamber of enucleated cattle 
eyes. Their conclusions were based upon the observation that the addition 
of hyaluronidase to the perfusing fluid increased the rate of outflow. 

Hyaluronic acid was demonstrated in bovine aqueous by Meyer and 
Palmer (1936). Hyaluronidase has a specific action (Meyer, 1947), reducing 
the viscosity of hyaluronic acid by a mechanism which is thought to consist 
of depolymerization followed by hydrolysis. Could hyaluronic acid in the 
aqueous, rather than in the angle, of the eyes used by Barany have been 
the substrate? Although the anterior chambers were washed out before the 
readings were taken, residual hyaluronate could have produced the observed 
results. Finally, it is possible that a solution of hyaluronidase may have 
had a detergent action, altering the rate of flow through the angle. 

This experiment was planned to demonstrate the effect of both hyaluroni- 
dase, and of a wetting agent, on the rate of flow of aqueous humour, under 
controlled conditions. These effects were noted in terms of change in 
viscosity. Viscosity is described (Seifriz, 1944) as the “reciprocal of 
fluidity”. Under controlled conditions, the rate of flow of a liquid is 
inversely proportional to its viscosity. 


Method 


An Ostwald viscosimeter pipette was used. A constant volume of liquid was 
allowed to flow by gravity through a small-bore glass tube. The length of time 
required for the liquid to flow is a relative measure of its viscosity. The relative 
viscosity of a liquid is the ratio of its flow-time to that of distilled water. 

A water-bath maintained temperatures within a range of 37°—37-5° C.; pre- 
liminary observations showed that variations of 0:5° C. did not affect the result. 

Viscosity measurements were made of pooled aqueous, and of various other 
liquids, namely, distilled water, normal saline, egg albumen solution, human 
serum, and vitreous solution. Hyaluronidase was added to each of these, and, in 
separate experiments, a detergent solution was added to most of them. 

The hyaluronidase preparation (Wydase, 450 V.R.U./ml.)? was added to the 


liquid already in the pipette and mixing was carried out there, by about ten inver- 


sions of the instrument. The wetting agent, a concentrated solution of Alconox,} 


was added in the same way, 0:1 ml. of each additive being used in separate experi- 


ments. This gave a concentration of approximately ten V.R.U. hyaluronidase 





* Received for publication April 20, 1956. 
+ John Wycth and Brother (Canada) Ltd. } Alconox Inc. 
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per ml. to those solutions so treated. The detergent solution was judged suffi- 
ciently potent by the fact that it imparted a soapy feel to those liquids to which it 
was added. Trial experiments demonstrated that the addition of 0-1 ml. fluid 
to the system did not, per se, alter the result. 

It was soon evident that fresh aqueous behaved differently from aqueous taken 
from stored eyes. Consequently, the following experiment was devised: 


Cattle eyes were collected at the abattoir one hour post mortem, and were divided into 
two lots: 


Lot 1.—The aqueous was withdrawn by a syringe fitted to a 21 needle, the puncture being 


made about 2 mm. anterior to the limbus. Half the material so obtained was 
stored at 40° F. Determinations of viscosity were made immediately on the fresh 


half, and 7 days later on the refrigerated portion. 
Lot 2.—The intact eyes were refrigerated at 40° F. for 7 days. The aqueous was then with- 
drawn and the viscosity measured. 


All figures shown in the Tables are an average of five consecutive readings. These 


all lay within a range of +1 per cent. except for vitreous solution and for aqueous from 
stored eyes, both treated with hyaluronidase. In the case of the two last, consecutive 


readings during a 10-minute period showed a decreasing viscosity. 
Results 


Table 1 records the effect of additives to the fluids other than aqueous 


humour. The only significant change in viscosity followed the addition of 
hyaluronidase to the solution of vitreous humour (half vitreous and half 


distilled water). The detergent had no viscosity-reducing effect. 


TABLE I 
RELATIVE VISCOSITIES OF VARIOUS SOLUTIONS USED AS CONTROLS 

















i ; i | Per cent. 
ai | Relative Viscosity | Change 
Materials 

No + + Viacosity 
Additive | Hyaluronidase | Detergent 
Distilled water ... ok ae 1-00 0:99 1:00 -1 
Normal saline ... nde 1-02 1-02 1-02 0 
Egg albumen solution... ... 1:22 1:22 1:22 0 
Human serum ... ee agheslae 1-58 1-57 1-58 -1 
Vitreous solution set oh 1:29 1-07 1-29 -17 








Table II (opposite) shows the effect of the same two additives on the 
viscosity of bovine aqueous in various states of preservation, and on fresh 
rabbit and pooled human aqueous. The human aqueous was taken from 
otherwise normal eyes at the time of cataract extraction. 

These results show that the detergent again had no effect. However, the 
viscosity of aqueous increased post mortem when stored in oculo, and this 
increase was significantly reduced by hyaluronidase. Storage in vitro did 
not alter the viscosity of aqueous. 
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fi TABLE Il 
it RELATIVE VISCOSITIES OF VARIOUS SOLUTIONS OF AQUEOUS HUMOUR 
id 
Relative Viscosity Per cent. 
en Change 
Aqueous in 
No. mae + Viscosity 
| Additive | Hyaluronidase | Detergent 
— Bovine fresh pees was 1-03 1-03 9 
Bovine refrigerated in vitro... 1-05 1-05 1-05 0 
ng Bovine refrigerated in oculo i 1-28 1-12 1-28 -—12 
vas Human ee eee eee eee 1:00 1:0) ear 9 +1 
Rabbit et Sage oie oe 1:03 1-02 — -!1 
sh 
th- Discussion 
a Because of the specificity of hyaluronidase, the marked decrease in 
om viscosity of a solution of vitreous when treated with hyaluronidase (Table I) 


is can be assumed to be due to the presence of polymerized hyaluronate in the 
solution. Similarly, a significant part of the increase in viscosity of aqueous 
stored in oculo (Table II) and the decrease in viscosity when the aqueous is 
treated with hyaluronidase may be assumed to be due to the presence of 


us polymerized hyaluronate. Testing of fresh aqueous did not indicate the 
of presence of polymerized hyaluronate. This is in keeping with the statement 
alf of Meyer (1947) that the hyaluronic acid normally present in aqueous 


humour is 95 per cent. depolymerized. Thus it seems that Barany’s observa- 
tions were not due to substrate in the aqueous of the fresh, undisturbed eyes. 
Nor is it likely that the hyaluronidase Barany used was acting as a wetting 
agent (Table II). 

Our finding of a post-mortem increase in polymerized hyaluronate in the 
aqueous humour may have been due to movement of the polysaccharide 
forward from the vitreous, as a simple diffusion or following post-mortem 
degeneration of the vitreous. An alternative explanation could be that in 
— the living eye the relationship between hyaluronate and hyaluronidase is 
such that the hyaluronic acid is largely depolymerized, while after death 
the balance shifts, resulting in an increase in polymerized hyaluronate in 
the aqueous. 

If polymerized hyaluronate were present in the aqueous of the eyes used 
by Barany, it could have entered by post-mortem diffusion from the vitreous, 





the increased by handling the eyes, or could have appeared as a post-mortem 
esh change in the balance between hyaluronate and hyaluronidase in the anterior 
om chamber. 

The possibility of post-mortem change was considered by Barany and 
the Scotchbrook (1954) in their original report. Using eyes incubated at 37° C. 
this for periods up to 54 hours the experiment was repeated. The incubated 
did eyes behaved in the same manner as the fresh ones. During the 54-hour 


period of observation a diffusion of polymerized hyaluronate from the 
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vitreous was not taking place, or the balance between hyaluronate and 
hyaluronidase in the aqueous was not changing. Our observation that 
polymerized hyaluronate appears in the aqueous after a week’s storage 
in oculo tends to confirm Barany and Scotchbrook’s findings and to suggest 
that there is no significant change in the polysaccharide during a 53-hour 
period. 

For fresh eyes, as used by Barany, mechanical handling is not a factor in 
increasing the content of polymerized hyaluronate in the aqueous. This 
point was clarified by the following experiment: 

A series of fresh cattle eyes was manually rolled on a hard surface for 10 minutes 
under a pressure of approximately 7 lb. This was thought to exceed the degree of 
trauma in Barany’s experiment, but it did not produce any significant change in viscosity 
of the aqueous. 

The work reported here tends to support the theory set forward by 
Barany to explain his observations. Our experiments indicate that changes 
in quantity of polymerized hyaluronate in the aqueous ‘cannot explain 
Barany’s findings. Therefore it is possible that polymerized hyaluronate is 
a part of the tissue of the angle, or that a “‘clot” of polymerized poly- 
saccharide from the aqueous may be deposited in the drainage channels. 

However, the post-mortem rise in the content of polymerized hyaluronate 
in the aqueous reported here indicates that there may still be a relation 
between polymerized hyaluronate in the aqueous and certain pathological 
conditions, particularly glaucoma. A link between the viscosity of aqueous 
and the aetiology of glaucoma was suggested by Meyer and Palmer (1934) 
when they first discovered and named hyaluronic acid. Later Meyer, 
Smyth, and Gallardo (1938) reported an investigation of this point, in which 
they determined chemically the hyaluronic acid content of the aqueous of 
normal and glaucomatous human eyes. Their method did not take into 
consideration the degree of polymerization of the acid and the results were 
inconclusive. It is possible that the balance between polymerized and 
depolymerized hyaluronic acid in the tissues and fluids of the eye varies 
during life, and that this variation is a factor in the aetiology of chronic 
simple glaucoma. é 
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KERATOPLASTY IN XERODERMA PIGMENTOSUM* 
BY 


P. SVASUBRAMANIAM 
Victoria Memorial Eye Hospital, Colombo, Ceylon 


KERATITIS is the chief ocular complication of xeroderma pigmentosum. The 
severe photophobia, a marked feature of this disease, and the extensive 
corneal involvement, mainly in the interpalpebral zone, make sufferers from 
this malady virtually blind, at any rate by day. In a report of seven cases 
of this disease with ocular complications (Sivasubramaniam and Hoole, 
1952), keratoplasty was suggested as a means of treating the corneal con- 
dition, though at that time no case had been so treated. 

As there appears to be hardly any literature on this aspect of xeroderma 
pigmentosum, the following account of three patients treated by keratoplasty 
in the Government General Hospital, Jaffna, Ceylon, may be of interest. 

As far as keratoplasty is concerned the important lesions are a diffuse 
keratitis extending down to the anterior two-thirds of the substantia propria 
of the cornea, and telangiectases visible to the naked eye at and within the 
limbus. The depth of the keratitis was only discernible on the operating 
table as examination with the biomicroscope was precluded by the severe 
photophobia. Symblepharon may be encountered though this was not a 
problem in the cases described below. 


Case Reports 


Case 1, a 28-year-old female, had bilateral keratitis. The right cornea showed a trans- 
versely disposed triangular patch of calcification in the interpalpebral zone with the base 
of the triangle nasally. 

Visual acuity in August, 1952, was 6/60 in the right eye and 4/60 in the left. 

In August, 1952, a left central 5-mm. penetrating keratoplasty was performed under 
endotracheal anaesthesia. In order to ascertain the depth of the keratitis a lamella of 
cornea was first dissected; the posterior third of the cornea was unaffected. As a full- 
thickness graft had already been cut, a penetrating keratoplasty was performed. The 
recipient cornea was a little thicker than the graft. Healing was uneventful and the graft 
remained clear for 2 months, the best vision during this period being 6/60 with —4 D sph. 
Gradually the graft turned opaque and even the junctional zone between the graft and 
host was lost in the general haze. Cortisone was not available at the time. 

_ As the vision of the right eye deteriorated appreciably, a central 6 mm. lamellar 
keratoplasty was performed on this eye under general anaesthesia. The trephine as 
well as the lamellar keratoplasty knife were felt to grate against the calcified patches on 
the cornea though the latter in no way impeded the operation. Roughly the anterior 
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two-thirds of the cornea were included in the disc of cornea removed and the bed was 
found to be clear. The graft remained clear from the outset, cortisone drops being 
instilled from the seventh post-operative day (Fig. 1). Vision, which at the time of 
operation in August, 1954, was 1/60, improved to 6/36 post-operatively—a level still 
maintained. This visual acuity could not be improved by glasses. 

Relief from photophobia, irritability, lacrima- 
tion, and mistiness of the cornea adjacent to the 
graft were beneficial results of the operation. 
The calcified area nasal to the graft persisted, 
however, and to date has not extended beyond 
the graft edge. 


Case 2, a 24-year-old girl, had keratitis in the 
left eye, a striking feature of which was the 
unusually large telangiectasis invading the cornea 
Fic. 1.—Case 1, right eye after opera- from the limbus. 

tion. Note calcified patch nasal to The visual acuity was 1/60 in the affected left 
graft The ovo bright areas along the eye, and 6)9 in the right. The patient sought 
of the light used for photography. arash from irritation of the eye, pain, and photo- 

phobia. 

A keratectomy was done first to rid the cornea of a knotty telangiectatic mass in its 
centre. Bleeding vessels were touched with a hot probe. In August, 1954, 3 weeks 
after the keratectomy, a central 5-mm. lamellar keratoplasty was done under local 
anaesthesia. Threatened vascularization of the graft was controlled by liberal exhibition 
of cortisone drops. Immediate post-operative vision was 6/24 which steadily improved 
to 6/9 in about 5 months. The graft is clear at the time of writing. 








Case 3, a 20-year-old girl, had bilateral keratitis. The left eye had had a limbal growth 
which had been excised in 1951; microscopic examination had demonstrated a squamous 
carcinoma. 





Fic. 2 (a and b).—Case 3, left eye before operation. 


A total lamellar graft was performed on this 
eye under local anaesthesia. Bleeding was pro- 
fuse and was arrested by application of hot 
probes. A 10-mm. lamellar graft was secured 
in place by overlay sutures. The graft took at 
first and remained clear (Figs 2 and 3). Visual 
acuity which was hand movements at the time 
of operation in March, 1955, improved to 6/60, 
and all irritative symptoms disappeared. At the 
end of 6 months the graft became opaque through 
vascularization, especially at the periphery. 





Fic. 3.—Case 3, left eye after lamellar 
keratoplasty. 
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Cortisone and a combination of neomycin and cortisone were used topically, and ribo- 
flavin, ascorbic acid, and calcium were given systemically, but the beneficial effects of these 
were short-lived. ‘ 


Comment 

Keratoplasty was performed in four eyes of three patients with xeroderma 
pigmentosum. Of nine patients under observation, three had eyes that were 
shrunken, two refused operative treatment, and one had very mild corneal 
changes not warranting surgery. 

Technically, the operation is not different from keratoplasty in other 
conditions, though the vascularity and photophobia make surgery more 
difficult. The vascularity presents a formidable problem, for not only the 
trephine cut but also the suture points bleed. The latter may be overcome 
by the use of general anaesthesia. 

As the keratitis is confined to the anterior two-thirds of the cornea, only 
lamellar keratoplasty is ideally suited; apart from satisfying the surgical 
indication for such a step, it also provides for safety in the conduct of the 
operation. If the telangiectases could be attacked by x irradiation before 
and after surgery, the chances of securing clear grafts might perhaps be 
greater, but this was not available in the institution in which these patients 
were treated. 

The failure of the first operation is attributable to the fact that cortisone 
was not used post-operatively. The liberal exhibition of cortisone topically 
in the second eye of Case | and in Case 2 seems to have materially improved 
the post-operative health and viability of the grafts. Cortisone appeared 
to be mainly responsible for a shrinkage of the telangiectases in the second 
patient’s cornea, though the therapeutic effect of keratectomy and of lamellar 
keratoplasty on the telangiectases should not be underrated. 

The keratectomy in Case 2 was not followed immediately by keratoplasty 
owing to want of donor material. This situation, though forced on us, 
appears to have been the desirable course of action, for it is probable that 
new vessels would have invaded the graft had one been done in the wake of 
keratectomy. 

The opacification of the graft in Case 3 was manifestly due to vasculariza- 
tion which had a greater chance of engulfing the graft, because its edge lay 
close to the limbus where numerous blood vessels were already present. 
Cortisone alone could not have kept so many blood vessels at bay. 

The symptomatic relief to these patients afforded by keratoplasty and the 
clearing of the cornea adjacent to the graft are examples of the beneficial 
effects of keratoplasty, aided perhaps by cortisone. The visual improve- 
ment in three of the four eyes was satisfactory, though in one it was not 
maintained. This, together with relief from pain, photophobia, and 
lacrimation, has certainly made the lot of these patients happier. 

One cannot say whether this improvement will be permanent. As the 
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graft is replaced by the host tissue, it is probable that the area may succumb 
to the pathological process. Perhaps a total replacement of the host cornea 
in gradual stages by donor material would render the ‘new’ cornea immune 
to photosensitization. Two of the grafts reported above have remained 
transparent for 18 months, but with marked corneal vascularization the 
chances of maintaining transparency are remote. Opacity due to photo- 
sensitization may be delayed until the whole graft is replaced by host 
tissue. 

The fact that grafts take well and even remain clear for some time, suggests 
that there is no neural cause for this condition (Duke-Elder, 1938). Corneal 
grafts can survive for months before innervation takes place, although in 
certain states of denervation or anaesthesia of the cornea severe ulceration 
may occur. 

The present results show that there is hope of giving some measure of 
relief for variable periods of time, and that these could be extended by 
repeating the operation as long as donor material is available. 

My thanks are due to Dr. C. Weeraperumal, Medical Officer in Charge, Government General 


Hospital, Jaffna, Ceylon, for granting permission to publish this paper and to Dr. T. Hoole, for 
assistance in treating these patients and in preparing this paper. 
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CLINICAL OBSERVATIONS OF ENDOCRINE 
ests 
te EXOPHTHALMOS* 
h in 
: BY 
tion 
ae JITSCHAK HAUER 
‘ by From the Eye Department, Government Hospital, “‘ Donolo’’, Jaffa, Israel 
neral THE proper treatment of a given case of endocrine exophthalmos is often 
, for difficult and frequently of great consequence to the patient. On the physi- 


cian’s decision whether or not to depress the patient’s thyroid activity may 
greatly depend the condition of the exophthalmos. 

This decision cannot be made on the degree of the protrusion alone, 
and the following article draws attention to a further clinical sign which may 
help in arriving at it. 

It is now generally admitted that the different conceptions of thyrotropic 
and thyrotoxic exophthalmos are unnecessary and that in endocrine ex- 
ophthalmos the degenerative and infiltrative changes in the muscles and 
other tissues of the orbit are essentially the same, whether or not there is 
obvious over-activity of the thyroid. 

The following observations suggest that the degree of orbital change 
may differ in accordance with changes in thyroid activity. 


Methods 


The experiment is based on the observation by Birch-Hirschfeld (1930) that, in 
a normal subject, the globe lies 1-3 mm. deeper in the orbit if the subject changes 
from the upright to the recumbent position. 

Measurements of the degree of ocular protrusion were made in 28 patients 
attending the out-patient department for refraction, each patient being first in the 
upright position and then in the recumbent position. 

The second measurements were made when ‘the patient had been lying down 
for 3 minutes. 

The instrument used was the Hertel exophthalmometer. 

The results in these 28 cases (Fig. 1, overleaf) show a difference of 1-3 mm. 
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Fic. 1.—Exophthalmometric readings (mm.) in normal persons 
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A similar procedure was carried out with seventeen patients suffering from 
thyrotoxicosis and exophthalmos, but without ophthalmoplegia (Fig. 2). 


Lefe Case No. 
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Fic. 2.—Exophthalmometric readings in seventeen patients suffering from thyrotoxicosis and 
exophthalmos, but without ophthalmoplegia. White upright, black recumbent. The regression 


of the globe is the same as in normal subjects. 

The procedure was repeated in seven patients suffering from exophthalmos and 
ophthalmoplegia, but with no evidence of thyrotoxicosis, as indicated by absence 
of struma and a normal basic metabolism rate (Fig. 3, overleaf). 

The procedure was repeated in eleven patients with endocrine exophthalmos, 
who were suffering from ophthalmoplegia, and also thyrotoxicosis, as indicated 
by struma and increased basic metabolism rate. In all these cases the thyro- 
toxicosis was being treated with thiouracil (Fig. 4, overleaf). 


Results 
Birch-Hirschfeld’s observation was confirmed, the amount of reduction 
of ocular protrusion being 1-3 mm. when the subject changed from the 
upright to the recumbent position. A similar reduction was found in prac- 


tically all the cases in which thyrotoxicosis (untreated by thiouracil) was 
present and in which there was no ophthalmoplegia. The subjects in the 
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Fic. 3.—Exophthalmometric readings in seven patients suffering from exophthalmos and 
ophthalmoplegia unaccompanied by thyrotoxicosis. White upright, black recumbent. No 
Tegression of the globe was apparent. a 
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Fic. 4.—Exophthalmometric readings in eleven patients suffering: from exophthalmos and 
ophthalmoplegia accompanied by thyrotoxicosis. White upright, black recumbent. No 
regression of the globe was apparent. 
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two other groups—in both of which ophthalmoplegia was present—did not 
show the normal difference in ocular protrusion when they changed from 
the upright to the recumbent position. 


Discussion 


‘This method, although much simpler than that described by Copper in 
his introduction to clinical orbitonometry (Copper, 1948), is apparently 
effective for its purpose. Copper determined the global displacement 


obtained by placing weights of 100, 200, 300, and 400 g. on the cornea. 


Vf it can be assumed that the normal displacement of the globe of 1—3 mm. 


is due to displacement of the fluid and fat content of the orbit, the orbital 


fat and fiuid in cases suffcring from thyrotoxicosis without ophthalmoplegia 
was so little changed as to be normally displacable. [t may also be assumed 
that the exophthalmos in subjects with ophthalmoplegia, accompanied or 
unaccompanied with thyrotoxicosis, is due to infiltrations or changesin the 
orbit so severe as not to permit the displacement of fat or fluid. This method 
apparently differentiates between “soft” and “hard” orbit. The presence 


in a case of thyrotoxicosis of a “hard” orbit may be a cautionary sign in 
treatment with thiouracil or thyroidectomy. 


Summary 


1. In normal eyes the protrusion of the globe regresses by 1-3 mm. when 
the subject changes from the upright to the recumbent position. This change 


can be demonstrated by simple exophthalmometric measurement. 

2. This change is found in thyrotoxicosis unaccompanied by ophthalmo- 
plegia. 

3. This change is not found in exophthalmos with ophthalmoplegia 
whether thyrotoxicosis is present or not. 

4. The presence or absence of this change may be of some significance in 
determining the measures to be taken in the treatment of endocrine ex- 
ophthalmos. 
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CASE NOTES 


PARADOXICAL LID RETRACTION IN UNILATERAL 
CONGENITAL PTOSIS* 


BY 
N. S. JAIN, D. V. SETHI, AND OM PARKASH 


Department of Ophthalmology, Irwin Hospital, New Delhi, India 


PARADOXICAL lid retraction in unilateral congenital ptosis when the normal 
eye is covered is rarely mentioned in the literature, so that the following 
case may be of interest. 


Case Report 


A girl aged 18 years was brought for a cosmetic correction of congenital ptosis. She 
had a right-sided ptosis of 4 mm. (Fig. 1); elevation of the right globe was absent (Fig. 
2); function of the orbicularis oculi was good; the right pupil reacted normally to 
direct light as well as consensually; visual acuity was normal. 

The left eye was normal in all respects. 

When the left eye was occluded to record the visual acuity in the right eye, the sudden 
retraction of the ptosed right upper eyelid (Fig. 3) drew our attention. On uncovering 
the left eye, ptosis re-appeared on the right side. 





Fig. 1.—4-mm. ptosis on right Fig. 2.—Absence of elevation Fig. 3.—Disappearance of 
side in primary position. of right eyeball. ptosis on covering left eye. 


Summary 
A case of paradoxical lid retraction in congenital ptosis is described. 





* Received for publication May 14, 1956. 
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CONGENITAL FISTULA OF LACRIMAL DUCT* 
BY 
MANMOHAN MALHOTRA 
New Delhi, India 


CONGENITAL fistula of the lacrimal duct is very rare, and is usually associated 
with other congenital anomalies (Duke-Elder, 1932, 1952; Gray, 1949; 
Spaeth, 1948). . 

The epithelium of the ducts and alveoli of the lacrimal gland is derived 
from a series of ectodermal invaginations in the region of the superior 
conjunctival fornix. Early buds form the orbital portion, while secondary 
buds from above appear later and form the palpebral lobe at the 40-60 mm. 
stage of the foetus. The stalk of the ectodermal invaginations, at first 
solid, are later canalized (50-55 mm.). The full development of the gland 
occurs at about 3 to 4 yrs. The gland ducts are about twelve in number, 
two to five being derived from the orbital lobe, and six to eight from the 
palpebral lobe; they all pass through the palpebral lobe as would be ex- 
pected from their development. The majority of ducts open into the lateral 
part of the superior fornix, but a large duct (which may be called the infero- 
lateral duct) traverses the extreme outer end of the gland, passes just deep 
to the conjunctival epithelium, and opens a few millimetres lateral to and 
some distance below the external commissure. 

The case described below is that of a little girl who had a congenital 
fistula of the right inferolateral lacrimal duct and right dacryocystitis with 
no associated deformity of the external canthus or elsewhere. 


Case Report 


A girl aged 7 years was referred to me on January 10, 1956, complaining of constant 
watering from both angles of the right eye—more from the outer angle where she was 
never able to keep the skin free of tears. 

The watering increased to a continuous stream on weeping. The condition dated 
back to the first month after birth. She was also troubled by mouth breathing and 
snoring. 

She had been treated by repeated probing of the right naso-lacrimal duct at the age 
of 9 months and again at 1 year, but with no benefit. There was no history of trauma 
to the eye or of any infectious or erruptive fevers, and she was otherwise normal. 


Examination.—Pressure on the right lacrimal sac caused a mucoid regurgitation. The 
obstruction of the naso-lacrimal duct was also confirmed by syringing. There was con- 
stant watering from the lateral angle of the right eye. The tonsils were enlarged and 
there was a big pad of adenoids. 





* Received for publication May 17, 1956. 
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Operation.—A right dacryocystorhinostomy, with no stitches for coaptation of the 
nasal and lacrimal mucous membrane, was performed, and the tonsils and adenoids 
were removed under general anaesthesia at the same time on January 15, 1956. 


Result.—Because of the effect of the pre-operative hypodermic injection of atropine, 
the child did not complain of any watering from the eye, but next day she felt the sensa- 
tion of water trickling from the lateral angle. The artificial opening of dacryocysto- 
rhinostomy was found to be freely patent on the fourth, eighth, and tenth days after the 
operation. 

On the tenth day, a minute examination of the area near the lateral angle revealed 
that there was a tiny opening the size of a pinhead 5 mm. lateral to and 2 mm. 
below the external canthus from which tears were constantly flowing, the flow increasing 
to a stream on emotion. The margins of the opening showed natural furrows but no 
tuft of hair. A fime probe lacrimal was passed through the opening. It traversed a 
devious passage in the shape of an L, the horizontal limb passing deep towards the con- 
junctiva and then upwards just underneath the palpebral conjunctiva near the region of 
the fornix. The lacrimal probe is shown in position in the Figure; the node-like thicken- 
ing on the probe just below the cutaneous opening is due to a teardrop. 





Operation—On February 6, 1956, an 
incision 0-75 cm. long, slightly curved, with 
the concavity directed towards the eye and 
encircling the cutaneous opening together 
with the surrounding furrows, was made. 
The dissection of the horizontal limb of the 
duct was aided by the passage of the lacrimal 
probe and two threads were passed through 
the furrowed skin around the opening; 
these were kept pulled forwards by the 
assistant. As the conjunctiva was reached 
the horizontal limb was freed and trans- 
planted into the conjunctival sac. 


Result.—On removal of the stitches on 
the fifth day, tear drops were seen flowing 


through the stitch holes and also through — —, one ——_ 


the wound. It was decided to help the ing on the probe just below the orifice is 
wound to heal by coaptation with “Sello- due toa tear drop. The scar near the inner 
tape”’, but on the tenth day tears were seen canthus is due to a previous dacryocysto- 


to be flowing through three holes instead of  Thinostomy. 


one. 

Operation.—On February 20, 1956, in addition to the skin incision a wide opening in 
the conjunctiva of the lateral fornix was made. A plastic drainage tube of 0-6 mm. 
internal diameter was placed near the duct in the lateral fornix, and Michel’s clips were 
applied to the cutaneous incision. The child was put on aureomycin, as _ penicillin 
injections failed to relieve the post-operative swelling of the lid. _The drainage tube was 
removed on the fourth day, and the clips were removed on the tenth day after the 
operation. 

Result.—The child was subsequently watched for a further fortnight, and this time 
the results were quite satisfactory. 


Discussion 
It is suggested that the cutaneous epithelium may have some part to play 
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in the development of the lacrimal gland. The inferolateral duct of the 
lacrimal gland is large and may take a great share in the discharge of tears 
into the conjunctival sac. 

Some cases of lacrimal fistula of congenital origin have been described 
as opening a little distance above the tarsal plate (Mackenzie, 1830; Steinheim, 
1875; Merlin, 1901; Terlinck, 1910; Gallemaerts, 1919; Cange and 
Duboucher, 1931; Schornstein, 1935; Alvaro and Sampaio Doria, 1937; 
Frey, 1938). These are frequently associated with tuft-like hairs around 
the orifice. A case of anomalous lacrimal ductule is described by Ling 
1926), in association with deformity of the external canthus; the lids having 
failed to approximate at the lateral canthus, the ductule opened on the 
deformed canthus lateral to the usual site of the canthus. 

In our case, congenital fistula of the inferolateral duct was not associated 
with any deformity of the external canthus or any tuft of hairs. 


Summary 

A rare case is described of congenital fistula of the inferolateral duct of 
the right lacrimal gland opening 5 mm. lateral to and 2 mm. below the well- 
formed external canthus, together with right dacryocystitis. There was no 
dissimilarity or abnormality in the dimensions or boundaries of the palpebral 
fissure on either side. 

The closure of such a fistula presents practical difficulties. 

Careful dissection of the duct up to the point where transplantation into 
the fornix is aimed at was followed by transplantation of the cutaneous 
orifice into the conjunctival sac. 

A drainage tube into the conjunctival wound drained the tears and pre- 
vented them from passing through the cutaneous incision. 

The edges of the skin incision were coapted by Michel’s c..;)., which were 
removed after 10 days. 


I am indebted to Dr. Satya Prakash of Connaught Place, New Delhi i for referring the case to 
me, and for his constant assistance and guidance. I also express my thanks to Dr. H. L. Dhal 
of Sir Ganga Ram Hospital, New Delhi, who gave the anaesthetic. 
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NEURILEMMOMA OF THE ORBIT* 
BY 
HUGH SKEOCH 
Edgware General Hospital 


WuerEAS Schwann-celled tumours occur commonly enough on the peripheral 
nerve distribution of the body and along the auditory nerve, a solitary orbital 


1 

tumour of this nature is a rarity: perhaps sufficiently so to warrant recording. s 

t 

Case Report I 

A man, aged 41 years, who looked and considered he was a perfectly. healthy person in ¢ 
every respect, was sent by his doctor to my out-patient clinic because of a painless swelling 

of which he had recently become aware presenting in the left orbit beside the nasal orbital a 

g 

( 

¢ 


Fig. 1.—Whorl formation of 
bundles of elongated cells. 
x 100. 





Fig. 2.—Elongated _fibre-like 
Schwann cells sectioned at 
various angles in a very fine con- 
nective tissue reticulum. x 200. 














* Received for publication June 5, 1956. 
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margin. He had noticed it was increasing in size and prominence, but of its presence 
he had no other complaint. 


Examination.—By finger-tip palpation one felt subcutaneously the end of a firm, but 
not hard, rounded tumour like a marble, lying in left orbital tissues beside the nasal bony 
margin and wall, with its rounded end making an obvious swelling in the nasal end of 
the upper eyelid immediately above the medial palpebral raphe. The tumour could be 
felt to be rounded and elongated and to move freely in the loose orbital tissues deep to 
the fascia orbitalis. 

A provisional diagnosis was made of a dermoid tumour or cyst. Under local anaes- 
thesia, enucleation of the soft-firm tumour, the size and shape of a pigeon’s egg, was a 
simple operation and the vascular stalk and perhaps nerve at its deeper end gave no 
trouble; but no particular associated nerve was identified. Post-operative healing was 
perfect and the small incisional scar has rapidly become inconspicuous. No evidence 
of any other tumour was found in either orbit or elsewhere on the body. 

Macroscopically the tumour was fairly solid and well circumscribed or encapsuled, 
and had a mucinoid cystic formation at its superficial end. 

Microscopically the section appeared to be composed of fasciculated masses of elon- 
gated cells and what look like nerve fibres, in interweaving bundles or whorl formation 
(Figs 1 and 2). 

This appearance is typical of a tumour of the neural sheaths of Schwann 
cells, or neurilemmoma. 
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HERPES OPHTHALMICUS* 
BY 


DORIS ROSE 


Eastbourne 


A woman aged 72 was admitted to St. Mary’s Hospital, Eastbourne, on May 12, 


1952. She stated that several days previously she awakened with a violent head- 
ache extending over the right side of the head, followed next day by a vesicular 
rash on the right side of the forehead; 3 days later the eyelids on both sides 
became swollen. 
Examination 
Right Eye. There was an herpetic rash over the area of distribution of the first 


division of the right fifth nerve. There was oedema of both eyelids and a 
yellow purulent discharge exuded between them. The upward and inward 
movements were defective. The pupil was dilated. The optic disc was blurred. 
There were haemorrhages along the retinal vessels in the region of the disc, 
There was no projection of light. Temperature 101-2° F. Pulse 80. 

Left Eye —Lower lid oedematous. Vision 6/24 uncorrected. Otherwise nothing 
abnorma) found. 

Diagnosis.—Right herpes ophthalmicus with optic neuritis and third nerve paresis. 

General Condition.—Respiratory system normal. Blood pressure 150/90. 

Progress (14.5.52) All movements of the right eye were very limited. Early iritis was 
present, Dr. Lester stated that there were no abnormal signs in 
the central nervous system and that he could find no cause for 
the pyrexia other than the herpes. 

(16.5.52) Considerable corneal oedema. Tension raised. The patient was 
examined by my colleague, Mr. Freedman, who discussed the 
question of an iridectomy and the use of cortisone. She was 
also again examined by Dr. Lester. 


Blood Count: Total white cell count 8,100 per c.mm. 


63 per cent, mature polynuclear neutrophils ia we 5,103 
7 per cent. immature polynuclear neutrophils Sid pate |) 
2 per cent. polynuclear eosinophils... ses ae = 
0 per cent. polynuclear basophil des cao 

22 per cent. lymphocytes =... Re is ny PU RGGS 75 


6 per cent. large hyaline cells 
Dr. Taylor, the pathologist, rancid this 4 as s fairhy normal. 
(17.5.52) Investigation of Urine. 
Turbidity nil. Reaction acid. pH 5-0 (normal 6-8). 
Albumen nil. 
Specific gravity 1018. 
Centrifuged deposit showed a moderate number of erythrocytes with an 
occasional granular and hyaline cast. 
Cultures: no growth was obtained. 





* Received for publication April 25, 1956. 
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(21.5.52) 


(22.5.52) 
(26.5.52) 


(27.5.52) 


(31.5.52) 


(6.6.52) 
(5.7.52) 


(8.7.52) 
(22,8.52) 
(17.10.55) 


HERPES OPHTHALMICUS 


Paralysis of right third, fourth, and sixth cranial nerves. 
Corneal oedema now obscured optic neuritis. ° 

Anterior chamber deep. Raised tension continued. No pain. 
Still no projection of light. Patient very ill. 

Eye painful for the first time. Tension still raised. 

Anterior chamber deep. Pupil circular. No synechiae. 
Tridectomy. 

Report of x ray of chest. 


**There is some evidence of cardiac enlargement. The left side of 
the diaphragm is obscured. The appearances suggest a small amount 
of fluid at the left base. Both lungs show fairly well marked congestive 

changes. No evidence of infection. 
Blood Count: Total red cell count: 4,770,000 per c.mm. 
Haemoglobin 96 per cent. (Hal dane). 
Colour index: 1-02. 


‘Total white cell count: 7,100 per c.mm. 


74 per cent, mature polynuclear neutrophils ee ae ae 
0 per cent. immature polynuclear neutrophils ; 0 
1 per cent. polynuclear eosinophils sag see 71 
0 per cent. polynuclear basophils .. abet Bak 

23 per cent. lymphocyt oe Xe Ros at 1a 


2 per cent, large hyaline cells 

Dr. Taylor commented: “Anaemia is not present. A normal 
white cell count. There is nothing which gives a pointer to the 
origin of this pyrexia”’. 

Again seen by Dr. Lester. Still no abnormal signs apart from the 
eye. Patient continued critically ill. 

Examination of Cerebrospinal Fluid. 

About 4 ml. clear fluid showing a slight yellowish tinge were 
submitted. 


Cells: 6 leucocytes perc.mm. A small number of erythrocytes noted. 
Protein: 35 mgms. per cent. 

Globulin: Nil. 

Sugar: Normal. 

Lange: 1111110000 


Cerebrospinal fluid, Wassermann reaction, and Kahn test negative. 

Right Eye—No projection of light. Total ophthalmoplegia and 
pain persisted. Tension normal. 

Left Eye—Normal. 

Patient discharged from hospital. 

Considerable increase in ocular movements. 

All movements of the right eye were full, but otherwise the con- 
dition of the eye was unchanged. 


Conclusion 


This case commenced as a right herpes ophthalmicus. The complications were 
secondary glaucoma and total ophthalmoplegia... The secondary glaucoma was 
controlled by an iridectomy. The ophthalmoplegia eventually recovered. The 
patient was critically ill. My medical colleague, Dr. Lester, was unable to find 
any other inflammatory condition. 


My thanks are due to Dr. Mark Lester for his help with this case. 
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HEREDITARY POSTERIOR POLAR CATARACT* 


BY 


C. G. TULLOH 
Moorfields, Westminster and Central Eye Hospital 


THIS report concerns the pathological features in a case of hereditary develop- 
mental posterior polar cataract noted in a pedigree previously recorded by 
the author (Tulloh, 1955). No other report as to the pathology of this 


condition appears in the literature. 


Case Report 

A man, aged 38 years, was the eighth member in the fourth generation of the pedigree 
(IV, 8). Until the age of 18 his vision was good, but it then began to deteriorate so that 
from the age of 30 he could read only the largest print. 

Examination —On May 15, 1955, the visual acuity was hand-movements with accurate 
projection in the right eye and 6/18 unaided in the left. 

In the right eye there was ‘a shrunken, hypermature cataract, which had. largely been 
absorbed, whilst, in the left, there was the characteristic posterior polar cataract with 


radiating spokes of opacity in the posterior cortex. It was felt that a needling would 
suffice for the right eye. This was done‘on May 16, and repeated on May 19. The 


corrected visual acuity in the right eye was then 6/6 partly. 
On November 11 a left intracapsular extraction was performed and the intact lens and 


capsule removed for examination. Post-operatively, a corrected visual acuity of 6/6 
partly was obtained in the left cye also. 


Pathology—Macroscopic examination showed a somewhat shrunken lens with a 


circular elevated opacity at the posterior pole and radiating opacities in the posterior 


cortex (Fig. 1). 


Fic. 1.—Lens in its capsule, posterior view, 


showing posterior polar cataract with radiating 
opacities in posterior cortex ( x 6). 








* Received for publication May 16, 1956. 
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Histological examination (Figs 2 and 3) revealed that throughout the lens there was 


loss of the normal fibre architecture, with hyalinization, vacuole formation, and irregu- 
larity of the equatorial nuclei. The predominant changes, however, were to be seen at 
the posterior pole, where there was thinning of the capsule and a localized mound of 


cataractous lens material, consisting of granular eosinophilic fluid, which extended 


radially between clefts in the lens lamellae. 


There were also to be seen many of 
the irregular darkly-staining masses some- 
times known as Morgagnian globules, 

7 and consisting of partly-calcified pul- 

1Op- ate taceous lens material. 

| by Pe The cataractous mound at the posterior 

this pole had Produced a small paracentral 
posterior lentiglobus, which was not 
evident clinically, and with which no per- 
sistent hyaloid elements were associated. 
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Fic. 3.—Lens, showing cataractous changes 
at posterior pole with posterior lentiglobus 
( x 30). 


Fic. 2.—Lens, vertical section, showing 


cataractous changes at posterior pole and 
in posterior cortex, with posterior lenti- 
globus ( x 20). 


My thanks are due to Dr. Norman Ashton for making available to me his pathological report 


On this case, together with the sections and photographs. 


Bak REFERENCE 
TULLOH, C. G, (1955). British Journal of Ophthalmology, 39, 374. 
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EPISCLERAL MICROANEURYSMS* 


BY 
C. R. KANAGASUNDARAM 


Eye Infirmary, Wolverhampton 


THIs is an unusual case showing numerous microaneurysms of the episcleral 
vessels surrounding the limbus. The patient also has a persistently raised 
tension with a further transient rise at fairly frequent intervals. 


Case Report 


A cabinet-maker aged 46 years was first seen on September 17, 1955, complaining of 
inflammation of the eyes of 2 days’ duration. 


Examination.—Visual acuity in the right eye 6/5, in the left 6/6 with the appropriate 
correction. Both eyes showed an annular distribution of episcleral microaneurysms near 
the limbus, especially below, with a ciliary injection (Fig. la and 1b). The ocular 
tension in the right eye was 68 mm. Hg (Schi6tz) and in the left 50 mm. Hg. The cornea 
was clear and the fundi normal. ” 


(a) right eye (b) left eye 
Fic. 1 (a and b)—Appearance in quiet phase between inflammatory attacks 


He was admitted for investigation and put on 2 per cent. pilocarpine drops in both 
eyes. When examined a few days later, the eyes were much quieter and the tension 
lower. 

Investigations.—The fields of vision did not show any defect. The erythrocyte sedi- 
mentation was 36 mm/hr. Blood examination revealed a simple hypochromic anaemia. 

The Wasserman reaction and Kahn test were negative. The glucose tolerance curve 
was within normal limits. 

Progress.—He was discharged with treatment for his anaemia and kept under observa- 
tion as an out-patient. On December 3, 1955, his eyes were found to be somewhat 
congested and detailed inquiries revealed that he had suffered from attacks of inflam- 
mation of the eyes for the past 20 years. These were of a very transient nature and had 





* Received for publication April 23, 1956 
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been attributed by him to working in a sawdust-laden atmosphere. Of late, the attacks 
had occurred about twice a week and at the height of these episodes he could see haloes 
round lights. Slit-lamp examination showed no significant abnormality and he was 
asked to report when he next developed an acute attack. 

He returned about 10 days later, and his eyes then showed circumcorneal injection 
and a clear cornea. The ocular tension was 60 mm. Hg in the left eye and 50 mm. Hg 
in the right. The slit lamp revealed very fine non-pigmented keratic precipitates and 
cells in the anterior chamber in both eyes (Fig. 2). 


Fic. 2.—Left eye during a congestive phase 


He was admitted for further investigation, and a regular record of the ocular tension 
was kept. It remained at between 40 and 50 mm. Hg in both eyes, and the normal 
diurnal variation was increased, reaching almost 8 to 10 mm. Hg. When he was put 
on pilocarpine after a few days observation, the tension dropped to between 30 and 
40 mm. Hg. As on the previous occasion, the inflammation subsided in a few days, but 
the ocular tension did not drop to normal levels. Other investigations did not reveal 
anything of significance and though the erythrocyte sedimentation was again found to 
be high (40 mm./hr), no focus of infection was discovered. Gonioscopy showed an 
almost complete closure of the filtration angle in the right eye and similar but less marked 
changes in the left. As he was going into a state of chronic congestive glaucoma, a 
corneo-scleral trephine was done on the right eye on February 24, 1956. There was no 
undue bleeding at the operation, but the trephined disc was found to be adherent to the 
iris and was separated with difficulty. The eye healed rapidly after the operation. 


Result.—The patient has been under observation for almost a month since his dis- 
charge and the ocular tension in the right eye has remained within normal limits. The 
patient reported one attack of inflammation in the operated eye during this period, but 
No rise in ocular tension was noted. 

Since he left hospital, his left eye has shown some congestion, increased tension, and 
a transient iridocyclitis on several occasions, and it is proposed to do a filtration 
operation on this eye as well. 
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The features of this case are episcleral microaneurysms, congestive 
glaucoma, and transient attacks of iridocyclitis. 

The microaneurysms are probably congenital. They might possibly 
interfere with the drainage of aqueous and predispose to the state of con- 
gestive glaucoma. On the other hand, the association between micro- 
aneurysms and congestive glaucoma may be only incidental. The abnor- 
mally raised erythrocyte sedimentation would suggest a focus of infection 
which may act as a source of allergens accounting for the recurrent irido- 
cyclitis, but no such focus has been found. The aqueous flare and cells in 
the anterior chamber may result from the raised tension, but this has not 
been a constant feature, even when the intra-ocular pressure has been at 
its highest levels. 

This patient has had a particularly trying time in his domestic life during 
the last 15 years, but the congestive attacks bear no relation to his emotional 
upsets. 

Sir Stewart Duke-Elder, who was kind enough to see this patient, 
believes that the microaneurysms are of congenital origin, that they may 
embarrass the drainage of aqueous through the normal episcleral efferent 
channels, and that the iridocyclitis may have been a factor precipitating 
an acute congestive attack. He suggested a filtration operation to relieve 
the tension. 


I am grateful to Mr. H. Campbell Orr for allowing me to publish this case and for valuable 


help in preparing this account. 
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POST-INFLAMMATORY ECTOPIA OF THE MACULA 
RESULTING IN APPARENT HYPERTROPIA* 


BY 
WALLACE S. FOULDS 
Moorfields, Westminster and Central Eye Hospital 


Ectopia of the macula is a rare condition, having been recorded in the 
literature only eight times (although a few instances of the condition have 
also been noted in the foetal eye). Its apparent rarity is thought to justify 
the publication of a further case, in which a vertical displacement of the 
macula resulted from an attack of choroido-retinitis. 

Ectopia of the macula may be produced by several mechanisms. The 
anomaly may be developmental and congenital, associated with other eye 
defects (coloboma of the choroid, coloboma of the disc, efc.). The earlier 
recorded cases were of this type (Pfliiger, 1885; Bernhard, 1898; Lange, 
1900; Kriiger, 1913; Triebenstein, 1919). Some of these cases may, how- 
ever, have been post-inflammatory. 

A less common developmental type is that due to an alteration in the rate 
of growth of the posterior pole of the eye during the early postnatal 
period. Mann (1937) notes that there is normally a movement of the 
macula away from the optic disc in the newborn and that this process 
may be limited or exaggerated by environmental factors. A case of this 
type was recorded by Cohen and Weisberg (1950). 

The third-and probably commonest aetiological factor is traction on the 
retina by post-inflammatory fibrous bands which may result from either a 
pre-natal or post-natal inflammatory lesion, and unlike the developmental 
group the ectopia of the macula in these cases is usually unilateral. 

Cases of this type have been described by Beselin (1924), Bielschowsky 
(1930; a bilateral case with fundus lesions like hereditary syphilis), Stein 
(1931; a unilateral case resulting from ignipuncture for detached retina), 
Friedman (1942; a unilateral case with a lesion near the macula, thought 
to be related to birth trauma), and Blaxter (1951; a unilateral case following 
choroido-retinitis). The present case also falls into this category. 





* Received for publication May 7, 1956. 
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Case Report 

A male infant aged 2 years was admitted to the Westminster Branch of Moorfields, 
Westminster and Central Eye Hospital, with an acute right hypopyon iritis which settled 
on treatment with mydriatics to leave a posterior synechia below and a very hazy vitreous 
through which no retinal detail could be seen. The aetiology of the condition remained 
obscure. 

The Wassermann reaction was negative, chest x-ray normal, no radio-opaque foreign body in 
the orbit, Mantoux test negative, blood picture normai, no radiological evidence of abnormal 
intracranial calcification, serological tests for toxoplasmosis negative. 

During the next 6 months the vitreous gradually cleared to reveal a healed focus of 
choroido-retinitis in the periphery of the fundus below and arising from this a band of 
fibrous tissue which ran upwards from the periphery to be inserted into the retina about 
one disc diameter below the right macula (Fig. 1). It was noted then that fixation in the 
right eye was poor and the vision only 6/60. The left eye was occluded and the vision 
in the right eye improved to 6/6 where it has remained for 2 years. The vision in the 
left eye was 6/5. 


Fic. 1.—Fundus painting of right eye to show fibrous band 
causing downward displacement of macula. 


The child is now aged 5 years and, although he appears to have a marked left hyper- 
tropia, is in fact fully binocular with an actual right hypertropia of 3A subjectively on 
the synoptophore (Fig. 2). 

On the cover test, the depressed right eye becomes slightly more depressed when the 
left eye is covered. : 

The angle alpha in the right eye measured on the perimeter shows that the visual axis 
is elevated by 20° from the optical axis, through the downward shift of the right macula. 

It is thought remarkable that the vision in the affected eye should have 
responded so well to left occlusion and that binocular vision should have 


been attained in spite of the gross pathological lesion present. 
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Fic. 2.—Photographs to show apparent depression of right 
eye through ectopia of right macula. 


Summary 
A case of vertical displacement of the macula by a post-inflammatory 
fibrous band in which full binocular vision was retained is described, and a 
brief review is given of the other possible aetiological factors which might 
cause ectopia of the macula. 


My thanks are due to Mr. S. J. H. Miller for permission to publish this case and to the Medical 
Illustration Department of the Institute of Ophthalmology for the photographs and fundus 
painting. 
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KAPOSI’S DISEASE MANIFESTING IN THE EYE* 
BY 
IAN SACKS 
Bulawayo, Southern Rhodesia 


An African girl aged 12 was referred with ? haemangioma of the conjunctiva. 

Examination.—A cherry-red pedunculated mass arose from the lower fornix of the 
conjunctiva of the right eye; it was only visible on everting the lower eyelid (Fig. 1a, 14). 

No skin lesions were found on the extremities or abdominal wall, but numerous 
submandibular, axillary, and inguinal glands were palpable. 

The Wassermann reaction was negative. 

The blood count was normal with relative lymphocytosis. 

A radiograph of the chest showed slight enlargement of the hilar glands. 

Operation.—The conjunctival tumour was easily removed; one inguinal gland removed 
for biopsy was found to be haemorrhagic. 

Pathologist's Report: 


Conjunctival Tumour: “structure like a haemangiosarcoma which does not appear of 
great malignancy— indistinguishable from that found in Kaposi’s disease’’. 
Lymph Gland from Inguinal Region: “replaced by a similar type of growth”. 


Diagnosis.—Kaposi’s tumour of the conjunctiva. 


(a) | (5) 


Fic. 1.—Right eye with lower lid everted and tumour protruding: (qa) looking right: (5) looking 
Straight ahead 


Comment 


A Kaposi’s tumour is a rare manifestation in the eye, and Duke-Elder 
(1938) reports only two others arising from the conjunctiva (Greeff, 1901; 
Heine, 1906). 

REFERENCES 
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APPLIANCE 


MAGNETIC ORBITAL IMPLANT* 


BY 
M. J. ROPER-HALL 


Birmingham 


Tuts implant was developed with the object of increasing the degree of move- 
ment obtained with the Allen type of buried orbitalimplant. The satisfactory 
way in which these implants are retained in the orbit is demonstrated by the 
Jarge number which have now more than fulfilled the 2-year follow-up 
period suggested by Choyce (1952). The retention of the magnetic form of 
implant appears to be as good as that of the non-magnetic form. 

The magnetic implants are manufactured j from acrylic resin rod (Perspex) 


by turning on a lathe to shape and radius. The side slots for the 


muscles are machined 
through on a milling 
machine, as is also the 
recess into which the 
magnet is fixed. The 
magnet is then inserted 
into the recess and the 
hole is plugged with a 
plug of similar material. 
The implant is then 
carefully sanded and 
polished so that there 
are no sharp edges. The 
slot for the magnet is 
made in the side of the 
implant as near to the 
anterior surface as 
possible so that attract- 
ion to the magnet 
placed at opposite poles 
< > in the prosthesis is 
pay one maintained as strongly 
Ficure.—Implant incorporating magnet. as possible (Fiat, 
In a preliminary survey the degree of movement with this magnetic form 
of the Allen implant was 50 per cent. greater than that obtained with the 
Allen implant alone. 
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CORRESPONDENCE 
OPERATION FOR CONGENITAL CATARACT 


To the Editorial Committee of the Brxrish JouRNAL OF OPHTHALMOLOGY, 


Smrs—I have today seen a patient who makes one feel more cheerful about the results 
of operation for congenital cataract. 

Both eyes were operated on at about the age of 15, at Moorfields, by Mr. Adams. The 
patient is now aged 90 and with glasses 60 years old can see 6/9 with the right eye and 
6/6 with the left, and can read the smallest print with comfort. He has sought advice 
only because one of these venerable spectacles has been broken. 

Yours faithfully, 
R. A. D. CRAWFORD. 
10, New Dover Roab, 


CANTERBURY. 
June 29, 1956. 


BOOK REVIEW 


Surgery of the Eye: Diseases. By AtsTON CALLAHAN. 1956. Pp. 447, 263 figs, bibl. 
Thomas, Springfield, Ill. (£9). 

Callahan’s volume on the surgery of ocular injuries is now well recognized as the best 
available treatise on this subject; its companion volume on the surgery of ocular diseases 
is equally good. The first chapter deals fully and interestingly with anaesthesia, local and 
regional analgesia, akinesia and the use of curare, and general anaesthesia as applied to 
ophthalmic surgery. The next five chapters deal with the surgery of the lids; this section 
1S particularly well done, the innumerable techniques available having been cut down to 
reasonable numbers. The next chapter deals with congenital anomalies, principally 
congenital cataract and goniotomy for infantile glaucoma. In the chapter on corneal 
diseases, surprise may be felt that the author is able to dispose of keratoplasty in six pages. 
The surgery of cataract, on the other hand, absorbs six chapters—pre-operative treatment, 
surgical techniques, operative, early and late post-operative complications, and capsul- 
otomy and kindred operations. The surgery of glaucoma is fully covered in seven 
chapters; there follow sections on retinal detachment, the ocular muscles, removal of the 
eye and the use of implants, and surgery of the orbit. oe 

The book ends with appendices on advancements in surgical techniques for dealing with 
injuries of the eye and its adnexa which have appeared since the companion volume was 


written. : 
The writing is clear and the operative techniques, laid out in numbered steps, are easy to 


follow, a task rendered much more simple by the abundance of admirably clear diagram- 


matic ustrations. No attempt is made to trace or analyse the literature, and descriptions 
of a multiplicity of techniques are not allowed to fog the issue. We have here the author's 
own practice derived from his own experience: and his choice of techniques has been 
sound, He has had help from many of the best surgical opinions in America and beyond 


(Atkinson on anaesthesia, Berke, Hughes, and Reeh on plastic surgery, Cordes on con 
genital Cataract, Franceschetii on corneal surgery, Schepens on retinal detachment, 


Burian and Fink on muscle surgery); the result is a volume of great value and a welcome 


addition to our literature. 


OBITUARY 
The whole ophthalmological profession in Great Britain is very sad to learn of the 
death of PRorrssor G. P. Sourpiiie, of Nantes, on August 21st, 1956. An obituary 


notice will appear in an early issue of this Journal. 
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COMMUNICATIONS 


TREATMENT OF UVEITIS WITH PYRIMETHAMINE 
(DARAPRIM)* 
BY 
E. S. PERKINS, C. H. SMITH, P. B. SCHOFIELD, 


AND 
MEMBERS OF THE UVEITIS CLINIC, INSTITUTE OF OPHTHALMOLOGY, UNIVERSITY OF LONDON 


_ ALTHOUGH toxoplasmosis was suggested as a cause of congenital choroido- 
retinitis over 30 years ago, the definite importance of the organism in the 
acquired disease is still in doubt. The early observations of Janku (1923) 
and Torres (1927) attracted little attention until Wolf and Cowen (1937) 
isolated the parasite from a fatal human case. The frequent occurrence of 
| retinitis in the neonatal cases has been confirmed by many authors—for 
example, Pinkerton and Weinman (1940) and Koch, Wolf, Cowen, and 
Paige (1943)—and with the development of serological methods, such as the 
cytoplasm modifying dye test of Sabin and Feldman (1948), it has been 
possible to assess the importance of the toxoplasma gondii in childhood 
cases of choroido-retinitis. 

Wilder (1952) suggested from a study of histological material that the 
parasite could be found in certain types of acquired adult choroiditis; her 
observations have been confirmed by Duke-Elder, Ashton, and Brihaye-Van 

~ Geertruyden (1953), and Jacobs and others (1954) have been able to isolate 
_ the parasite from an excised eye which had choroiditis. 
' Unfortunately, these methods of diagnosis can only be used with eyes 
- which have been removed, and any attempts to diagnose the disease by 
- serological methods is complicated by the widespread occurrence of low 
titre antibodies in normal individuals, but attempt to assess the importance 
- of the infection have been made, notably by Woods, Jacob, Word, and 
Cook (1954) and by Smith and Ashton (1955). These latter authors, from 
“an analysis of 200 cases; found that a higher proportion of their patients 
showed antibodies than were present in the normal population. They con- 
cluded that, although titre levels were not diagnostic in individual cases, 
_ they did show a striking association between toxoplasma infection and pos- 
- terior uveitis, and they suggested that one of the means of elucidating the 
' exact nature of this relationship might be by means of the response to a 
_ specific chemotherapeutic agent. 
| The most suitable agent for such a trial seemed to be pyrimethamine 
_ (Daraprimt (5-(p-chlorphenyl)-2 :4-diamino-6-ethylpyrimidine), a drug first 
introduced for the treatment of malaria. Eyles and Coleman (1953) had 
first shown it to possess an antitoxoplasmic effect in experimental infections, 
and this had been confirmed by Summers (1953) and by Trevino, Varela, 


* Received for publication July 3, 1956 
+ Burroughs, Wellcome, & Co. 
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and Palencia (1953), while Ryan (1954), using the drug in combination with 
sulphonamides, had reported favourably on its use in cases of uveitis with 
high serum levels of toxoplasma antibodies. The advantage of this substance 
in evaluating treatment is that it has a low antibacterial activity and, so far 
as is known, no effect on allergic conditions; hence any improvement in a 
case as a result of treatment with this drug will almost certainly be due to 
its effect on the parasites. 

In a preliminary report on the use of Daraprim in uveitis (Smith, 1956) 
it was shown that mice could be protected from the lethal effects of toxo- 
plasmic infection by Daraprim. 

The results in the first 63 cases of uveitis in the clinical trial to be described 
here were also reported (Perkins, 1956), and it was suggested that some cases 
with a positive dye test were improving more quickly than untreated cases, 
although this result was not statistically significant. 

A further 101 cases have now been studied and the preliminary results 
confirmed at a-higher level of statistical significance. 


ARRANGEMENT OF CLINICAL TRIAL 


Selection of Cases.—We have endeavoured to avoid any bias in selection of cases 
by including all cases of uveitis showing activity at their first attendance at the 
Uveitis Clinic at the Institute of Ophthalmology. Some cases have had to be 
excluded because of difficulty in follow-up or interruption of treatment by inter- 
current illness. 

At the first visit to the clinic, a careful history is taken and all patients are given 
a detailed ophthalmological examination. The pathological examinations are 
initiated and if the condition is active the patient is included in the trial and given 
tablets, which may contain Daraprim or an inert substance, with instructions to 
take one each day for 2 weeks. The tablets are labelled A and B, and distributed 
according to a random list. The clinician in charge of the patient does not know 
which of the two tablets the patient has received, so that the results cannot be 
biased by suggestion. 

The patient is seen at the end of 2 weeks, and providing no untoward reactions 
are reported, the treatment is continued for a further 2 weeks. The patient is seen 
again and the progress-of the condition assessed under the headings of visual 
acuity, degree of injection, aqueous flare, vitreous flare, subjective response, and 
objective response. : 

No attempt has been made to assess the degree of improvement, although in 
some cases this has been very striking. The cases are divided simply into “im- 
proved”—in which definite objective signs could be found—and “not improved”. 

After the assessment of the clinical condition the result was correlated with the 
toxoplasma reaction and the treatment given. Again it must be emphasized that 
the person making the assessment did not know whether the patient had received 
Daraprim or the inert tablets, and in the majority of cases the toxoplasma results 
were also not yet available. The lack of bias in assessment is clearly shown by the 
remarkably constant ratio of improved to not improved cases in all groups except 
those with a positive toxoplasmosis test who received Daraprim. Approxi- 
mately half of all the cases (except this one group) showed improvement at the 
end of one month. All the patients received conventional medical treatment, 
such as mydriatics and cortisone, in addition to the tablets. 
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Results.—First it is interesting to compare the percentages of patients showing 
positive toxoplasma reactions in the three groups of anterior, posterior, and 
pan-uveitis (Table A); Smith and Ashton (1955) found a similar distribution of 
complement-fixation test results but rather lower positive dye-test results in each 
category. 






































TABLE A 
CASES WITH POSITIVE REACTIONS BY CLINICAL CATEGORY 
| 
Positive Dye Test Positi bs 
Series Clinical Total No. ‘ | ueter 
of Category of Cases \ 
Cases Number Per Cent. 
Number Per Cent. 
Anterior 98 58 59-2 9 9-2 
Present 
Study Posterior 29 23 79-3 7 24-1 
Pan-Uveitis 37 17 45:9 2 5-4 
— Anterior 102 40 39-2 8 7°84 
an 
Ashton | Posterior | 31 21 67:7 9 28-2 
(1955) 
Pan-Uveitis | 48 19 39-6 7 14-6 

















Davenport (1956), in an analysis of the first 200 cases seen in the Uveitis Clinic 
found that the percentage of dye tests TABLE B 
(titres of 1 in 4 or over) in age groups AGE GROUPS OF CASES WITH POSITIVE 
up to 59 years was a little over 30 per TOXOPLASMA REACTIONS 
cent., but that in the age group 60 and 
































over the percentage increased to 58. A Age No. of | Positive Dye Test 
similar analysis of the ages of the Group | Patients 
patients in this trial is shown in Table B. (yrs) Number | Per Cent. 

Of the 164 cases comprising this series, site 9 : “ 
98 cases had dye-test titres of 1 in 4 or 20-39 67 37 55:2 
over, thirty of them having titres of 1 in 
4 to 1 in 8, and the remainder having 40-59 68 43 63:2 
higher titres. The age and sex distri- 60 + 19 14 36 
bution of the positive and negative cases 
is shown in Table C. 

TABLE C 


AGE AND SEX DISTRIBUTION OF CASES WITH POSITIVE DYE TESTS 





Age Group (yrs) 1-19 20-39 40-59 60 and Over 





Result of Dye Test | Positive | Negative] Positive | Negative] Positive | Negative] Positive | Negative 


Sex Male 0 1 20 18 19 10 6 2 
Female 4 5 17 12 24 15 8 3 
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RESULTS OF TREATMENT 

The effect of Daraprim on the 66 toxoplasma negative cases will be con- 
sidered first, as it is important to show whether Daraprim has any non- 
specific effect on uveitis; 29 cases received Daraprim and 37 received the 
control tablets. The results of treatment are shown in Table D; from this 
it is clear that there is no significant difference between the two groups, and 
it can be concluded that Daraprim has little effect in cases with a negative 
toxoplasma reaction. 

The group of cases with a positive toxoplasma reaction (as judged by a 
dye-test titre of 1 in 4 or over) treated with the control tablets shows a very 
similar improvement rate (Table D) to the treated and untreated cases with 
a negative toxoplasma reaction. 

It is only in the cases with a positive toxoplasma reaction which received 
treatment with Daraprim that a marked deviation from this improvement 



























































TABLE D rate is found; 76 per 
RESULTS OF TREATMENT OF ALL GROUPS cent. of the treated 
a | ERE SRG cases improved as a- 
esult esult of Treatmen ; 
of Gisele — ie cent. of 
Dye Test Not e control group. 
Improved Total ; 3 
tngeaved Using the x? test this 
Control Tablets 19 18 37 difference is found to 
Negative ae , eae” ay 
Daraprim 15 14 29 besignificant( x?=6-4; 
0-01<P<0-02). 
Control Tablets 21 21 42 
Positive 
Daraprim 43 13 56 
TABLE E 
ANALYSIS OF RESULTS IN ANTERIOR, POSTERIOR, AND PAN-UVEITIS 
Result of Treatment 
Toxoplasma Clinical Treatment x2 
sa ats Comecry Improved tiaghanied Total 
Anterior Daraprim 25 8 33 3-5 
Control 12 13 25 
Positive Posterior Daraprim 15 2 17 3-38 
Control 6 6 12 
Pan-Uveitis | Daraprim 3 3 6 
Control 6 5 11 
Anterior Daraprim 13 7 20 
Control 12 8 18 
Negative | Posterior Daraprim 1 2 3 
Control Z 1 3 
Pan-Uveitis | Daraprim 1 5 6 
Control 5 9 14 
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As cortisone is known to cause improvement in some cases of uveitis, the 
cases were analysed with respect to the numbers receiving this drug. How- 
ever, the proportion of patients receiving this drug did not differ significantly 
between the toxoplasma positive and negative, treated and untreated groups. 

In Table E these results are analysed into anterior, posterior, and pan- 
uveitis, and, although the numbers in each group are too small for the 
differences to be statistically significant, the figures for the posterior uveitis 
group (88-8 per cent. improved) do suggest that toxoplasmosis is a very 
likely aetiological agent. 

The results of Daraprim 
treatment in cases with a 
positive toxoplasma reac- 
tion are compared with 


TABLE F 


RESULTS OF TREATMENT WITH DARAPRIM IN 
CASES WITH POSITIVE AND NEGATIVE TOXO- 
PLASMA REACTIONS 










































































those in cases with a nega- Result of Treatment 
tive toxoplasma reaction TpxoPiasma | Treatment 6 
in Table F. Again the Improved | tmproved | Total 
difference is statistically - 
re Positive Daraprim 43 13 56 
significant(x? =4-4; 0-:02< 
P<0-05). Negative | Daraprim 15 14 29 
The response to treat- 
TABLE G 
RESULTS OF TREATMENT ACCORDING TO DYE-TEST TITRE 
Dye-Test Titre 
Treatment Result of 
Treatment 1:4 1:9 1:17 | 1:33 1:65 | 1:129 | 1:257 
to to to to to to and 
1:8 1:16 1:32 1:64 1:128 | 1:256 | Over 
Improved 13 9 8 8 3 1 1 
Daraprim 
Not Improved 3 3 6 0 0 1 0 
Improved 7 5 4 2 1 2 0 
Control 
Tablets Not Improved 7 4 2 4 3 1 0 
ment by height of dye-test TABLE H 


titre is shown in Table G. 


: RESULTS OF TREATMENT IN CASES WITH 
Ananalysis of thosecases 


POSITIVE COMPLEMENT-FIXATION TESTS 





























with a positive comple- 

ment-fixation test in addi- _ Result of Result of Treatment 
tion to a positive dye test is pao oag Treatment 

shownin TableH. Itwill = “Te” Improved | tmproved | Total 
be seen that the ratio of im- 

proved to not improved is Positive | Daraprim; 10 2 12 
rather higher than the ~ positive | Control 

tesults obtained using the Tablets 3 3 6 
dye test only. 
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TABLE I 


RESULTS OF TREATMENT IN CASES WITH 
POSITIVE DYE-TESTS, BY AGE GROUP 
































A correlation of the improve- 
ment rate in treated cases with a 
positive toxoplasma reaction sug- 















































Result of Treatment gested that the age group 20-39 
Age Group years gave a better response than 
(yrs) Not : 
Improved | tmproved | Total the other groups—21 cases out 
ee : : ; of 27 showing improvement 
a (Table I). 
20-29... 21 6 27 The cases have also been ana- 
ye Bees ee 6 21 lysed into acute, subacute, and 
i the resul - 
oh cat Own 5 0 5 chronic, and e resu ts of treat 
ment are shown in Table J. 
TABLE J 
RESULTS OF TREATMENT IN ACUTE, SUB-ACUTE, AND CHRONIC CASES 
Treatment 
Toxoplasma! Result of Daraprim Control Tablets 
Reaction Treatment 
Acute | Sub-acute | Chronic | Acute | Sub-acute | Chronic 
Improved 29 7 7 11 4 6 
Positive Not Improved 9 2 2 7 3 11 
Total 38 9 9 18 7 17 
Improved 10 2 3 10 4 5 
Negative | Not Improved 6 1 7 7 2 9 
| Total 16 | 3 | 10 17 6 14 


{ 

















As might be expected, the acute cases in the positive toxoplasma untreated 
group and the treated and untreated negative toxoplasma cases show a 
better improvement rate than the chronic cases, and in the positive toxo- 
plasma group the difference between the acute treated and untreated cases 
is not statistically significant. However, the subacute and chronic positive 


TABLE K 


POSITIVE TOXOPLASMA REACTIONS 
IN SUB-ACUTE AND CHRONIC CASES 





Result of Treatment 




















Treatment 

| Improved Improved Total 
Daraprim 14 } 4 18 
Control 10 








x2 =4-1, 0-02<P<0-05 





toxoplasma cases taken together 


(Table K) show a statistically 


Significant difference between 
treated and untreated subacute 
and chronic toxoplasma positive 
cases. 
The following conclusions can 
be drawn from the above results: 
(1) Daraprim had no detectable 
effect on cases with nega- 
tive toxoplasma dye test. 
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(2) Both positive and negative cases showed much the same rate of 
improvement on control tablets, and this rate was very similar to 
that obtained in negative cases treated with Daraprim. 

(3) Only cases with a positive toxoplasma reaction showed any detectable 
response to Daraprim. 


DISCUSSION 

These results suggest very strongly that toxoplasmosis is an aetiological 
factor in some 25 per cent. of cases of uveitis with a positive dye test. This 
in itself is a finding of very great interest and importance but is not of much 
help in the diagnosis of any individual case. 

Detailed consideration of the results of this investigation do, however, 
give some indication of the criteria which should be adopted for the diagnosis 
of toxoplasmic uveitis. 

The first factors to be considered are the don test and complement-fixation 
results. A comparison of the results of treatment in cases having a low 
dye-test titre (1:4 to 1:16) with those in cases with higher titres (Table L) 
shows no significant difference in their responses to treatment in the group 
as a whole. The posterior uveitis group shows some tendency to have a 
larger number of cases with higher titres. 

TABLE L 
RESULTS OF TREATMENT IN CASES WITH HIGH AND LOW DYE-TEST TITRES 


















































Dye-Test Titres 
Clinical Result of 1:4 to 1:16 1:17 to 1:256 
Category Treatment 
| Daraprim Control Daraprim Control 

Aultypesof [Improved | 22 | 12 | 21 9 

Uveitis 

| Not Improved | Gf) hey ae. 
Posterior | Improved | 6 | ] 9 2 
Uveitis : ; . 
| | 


| Not improved 1 





It is apparent, therefore, that, except perhaps in the posterior group, a 
low dye-test titre is as significant as a high titre. This result is rather sur- 
prising, but does support the suggestion of Smith and Ashton (1955) that a 
localized toxoplasmic lesion in the eye may not cause a large rise in serum- 
antibodies. 

The results of treatment in cases having a positive complement-fixation 
test in addition to a positive dye test are shown in Table I, and the numbers, 
although small, do suggest that a positive complement-fixation test adds to 
the likelihood of a toxoplasmic aetiology. 

Variations in titre of the dye test during treatment have so far shown only 
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random variations and it has not been possible to correlate these changes 
with response to treatment. 

As far as the pathological tests are concerned, it is only possible to say 
that a positive dye test of | in 4 or over may indicate toxoplasmosis and a 
positive complement-fixation test is additional evidence but is not obligatory 
for the diagnosis. 

A consideration of the clinical categories gives more hopeful information. 
The fact that the first proved toxoplasmic infections were congenital or 
neonatal choroidal lesions suggests that it is in the group of posterior uveitis 
cases that the acquired disease would have a predeliction. This is amply 
confirmed in the present investigation. The group of posterior uveitis cases 
showed a high incidence of positive dye tests (79-3 per cent. posterior, 
59-2 per cent. anterior) and more than double the percentage of positive 
complement-fixation tests compared to the anterior uveitis group (24-1 per 
cent. posterior, 9-2 per cent. anterior), and as previously noted the dye-test 
titres tended to be higher than in the other groups. 

The best response to treatment was also obtained in the posterior uveitis 
group; although the numbers are too small to show a statistical difference 
between anterior and posterior groups, it is probably a real difference as 
shown by the degree of improvement in some of the cases. Although no 
attempt was made to grade the degree of improvement, some cases showed 
such marked responses that these were noted; six out of the seventeen cases 
of posterior uveitis treated with Daraprim were noted as showing marked 
improvement, as compared with only five out of 33 anterior uveitis cases— 
more than double the percentage. 

The typical lesion in the posterior group was an area of focal choroido- 
retinitis with marked vitreous haze. When the haze cleared sufficiently it 
was often noted that the active lesion was sited at the periphery of an old 
patch of healed choroiditis. Hogan (1956) reported that the consensus of 
clinical opinion at the conference on toxoplasmosis was that the condition 
could not be diagnosed definitely on clinical grounds. Acute and recurrent 
large foci of chorio-retinal inflammation with heavy opacification of the 
vitreous were more charactéristic of lesions believed to be toxoplasmic. 

The position with regard to this type of case seems quite clear and it is 
apparent that such cases with a positive dye test should be considered to be 
due to toxoplasmosis and treated as such unless some other aetiology can 
be proved. It is of interest in this connection to examine the results in nine 
of the cases of posterior uveitis which were thought, on clinical grounds, to 
be associated with tuberculosis: seven out of the nine had positive dye tests, 
four of these improved on treatment with Daraprim, and none failed to 
respond; one improved and two failed to improve on control tablets. 

The anterior uveitis cases present more of a problem. Nearly 60 per cent. 
of this group had a positive dye test and 25 out of 33 improved on Daraprim 
as compared with twelve out of 25 treated with control tablets. This 
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difference is not quite significant statistically (x2 =3-5) but is strongly suggest- 
ive, and there seems every likelihood that some of these cases are due to toxo- 
plasmosis. It has not, however, been possible to find any clear correlation 
between the clinical findings and the toxoplasma results, but it is possible 
that when larger numbers have been treated some clinical features of the 
toxoplasmic cases will become apparent. . 

The last clinical category of generalized uveitis shows the least evidence of 
toxoplasmosis as an aetiological agent. The percentage of positive dye tests 
(45:9 per cent.) is, however, probably higher than the normal population, 
but the response to treatment with Daraprim shows no better result than the 
control group. It seems unlikely, therefore, that cases of generalized uveitis 
are due to toxoplasmosis. 

An interesting speculation which the results of this investigation arouses 
is the part toxoplasmosis may play in other diseases of uncertain aetiology. 
Infection with toxoplasmosis is widespread in the population, as evidenced 
by the “normal” 25 per cent. or more positive dye tests, yet apart from the 
rare acute cases in adults and the congenital cases, the organism has never 
been incriminated in any disease except uveitis. Are some of the conditions 
traditionally associated with uveitis also due to toxoplasmosis? Such a 
question cannot be answered from the data available at the moment but 
might well repay further investigation. 


Toxic Effects of Daraprim.—After the first twenty patients had received 
Daraprim, it was noted that the dose of 25 mg. daily was sufficient to depress 
erythropoiesis in about one-third of the cases; this finding is in contrast to 
that of Ryan, Hart, Culligan, Gunkel, Jacobs, and Cook (1954), who 
observed this side-effect only with doses of 75 mg. daily, whereas a reduction 
of dosage to 25 mg. resulted in recovery. Subsequently full blood counts 
were carried out at regular intervals on both the Daraprim and control 
patients, and the records of 193 cases showed the following results: 


Of 113 patients receiving Daraprim, the haemoglobin level dropped more than 
5 per cent, in 53 (47 per cent.), 23 of whom showed macrocytes in the blood film. 


The haemoglobin level of the most severely affected case fell from 100 to 83 per 
cent. in 3 weeks, the anaemia being of the macrocytic normochromic type. In 


addition, three of these cases showed a slight fall in the leucocyte count with an 
absolute neutropenia. 


Of seventy control patients receiving an inert substance, not one showed evidence 
of leucocyte depression, although the haemoglobin level of ten (14-3 per cent.) 


of them dropped by more than 5 per cent. during the course, but in none was 


there evidence of macrocytosis. 


It is clear, therefore, that Daraprim administration should be accompanied 
by regular blood examinations in order to detect macrocytic anaemia at an 


early stage, for if this is found to be progressive it may be wiser to discontinue 


the course, or alternatively the drug may be given with folic acid, which does 
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not apparently interfere with the antitoxoplasma effect of Daraprim. Folic 
acid was not used in our investigations and the course was discontinued only 


im the one severe case mentioned above. 


SUMMARY 


A controlled clinical trial of Daraprim (pyrimethamine) in cases of active 
uveitis showed: 
(1) Daraprim had no detectable effect on the improvement of cases with 
a negative toxoplasma reaction. 
(2) Daraprim exerted a statistically significant effect on the improvement 
of cases having a positive toxoplasma reaction. 


(3) Toxoplasmosis was probably the cause of some 25 per cent. of the 


cases having a positive toxoplasmosis reaction. 

(4) The best response was obtained in cases of circumscribed choroido- 

retinitis. 

We are indebted to the clinicians of the Moorfields Westminster and Central Eye Hospital for 
referring their cases to the Uveitis Clinic, and to Prof. C. P. Beattie and Dr. J. K. A. Beverley 
for carrying out the toxoplasma tests. We should also like to thank Messrs. Burroughs Well- 
come and Co. for supplying the Dara arapim used in the trial, 


The other members of the Uveitis Clinic whose clinical examinations formed the basis for this 
paper were Miss I. Gregory, Mrs. I Watkins, Mr. J. Whitwell, and Drs. J. Lister, K. Citron, 


and A. Woods. 
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ASSESSMENT OF IRIS NEOPLASMS * 


BY 


FRANK W. LAW AND PETER HANSELL 
London 


Tue following case history is reported not only as having some intrinsic 
clinica) interest but also because it illustrates the possible value of a photo- 


graphic method of checking an increase in the size of a neoplasm of the iris 
or other small tumour. 


Case Report 


A man aged 42 was first seen in March, 1950. A “blemish” had been noticed on 
the right iris 7 years before, and on his recent return to the surgeon who had 
remarked upon this, the latter gave the opinion that it had increased in size, and 
recommended a second opinion and surgical removal of the lesion. 


Examination.—A pigmented mass on the right iris at 4 o’clock measured 2-5 by 
2 mm., the long axis being radially placed. It just overlapped the pupillary 
margin and was well raised above the surface, and the surrounding normal iris 
came up to the main mass as “foothills”. The surface had the typical pile of a 
melanoma; no distortion of the iris was visible, and there was nothing to be seen 
on the posterior surface of the iris, which appeared flat. 

The lesion was regarded as of potentially sinister significance, but immediate 


removal was not advised. A photograph was taken (Fig. 1) and the patient was 
asked to return in 3 months. 





Fic. 1.—One picture from a stereoscopic Fic. 2.—Comparative record taken 
pair taken with a fixed-focus camera. February, 1952. ( x4.) 


(x4.) Original record taken March, 
1950. 





* Received for publication, June 26, 1956 
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He appeared again 2 years later (1952), but only because he had lost his glasses! 
The appearance was unchanged; a small area of gelatinous appearance with slight 
pigmentation which had been previously noted at the limbus at 7 o’clock, and 
which can be detected in the photograph, was also unchanged. A second photo- 
graph was taken (Fig. 2) and a third another year later (Fig. 3, 1953), but no 
change was detectable in either. 

In November, 1955, it was possible to see a small swelling on the posterior 
surface of the iris by very oblique illumination; an increase in size was suspected. 
The lesion was re-photographed as a routine (Fig. 4) and comparison with previous 
records revealed a small but definite increase in size. 








Fic. 3.—Further comparative record Fic. 4.—Record taken in September, 

taken April, 1953. ( x4.) 1955. This is the first to show a measur- 
able change since the original photo- 
graph. (x4.) Compare visually with 
Figs 1 and 3. 


Thus, some four carefully controlled photographic records had been made of | 


the patient’s iris. In each instance comparison with previous records was made 
by visual superimposition of the negatives—a crude but effective method of 
detecting two-dimensional changes. Viewed in this way, the first three records 
(embracing a 3-year period) matched perfectly, whereas the fourth showed a 
calculated increase of 0-25 mm. in the diameter of the lesion (Fig. 5, opposite). 


Operation.—This was undertaken in January, 1956, under general anaesthesia. 
A conjunctival flap was laid down, and the globe was opened by keratome and 
scissors. A wide iridectomy was performed extending to the iris root; two corneo- 
scleral sutures were placed, and the conjunctival flap sutured. The iris was closely 
adherent to the lens above, and a localized opacity was present. The eye recovered 
normally (Fig. 6, opposite). Gonioscopy confirmed the presence of synechiae at 
3 o’clock, and some distortion of the ciliary processes was seen at 6 o’clock. 

A high astigmatism, due to the operation, gradually disappeared, and corrected 
vision 4 months later was 6/5. 
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ASSESSMENT OF IRIS NEOPLASMS 






















Fic. 5.—For the purpose of demonstra- Fic. 6.—Post-operative photograph for 
tion, the picture shewn in Fig. 1 has comparison. ( x4.) 

been reversed and superimposed on the 

negative of Fig. 4. The dark halo sur- 

rounding the tumour therefore represents 

the increase in size. ( 4.) 


Histological Report (from the Department of Pathology, Institute of Ophthalmo- 
logy).—This confirmed the diagnosis of melanoma and suggested malignancy. 
It stated that no myoglial fibres were present, and added the disturbing suggestion 
that excision had been incomplete, since heavily pigmented naevoid cells extended 
to the limit of the excision (Fig. 7). 





Fic. 7.—First section of entire lesion. ( x 30.) 





This finding, which is also illustrated by Figs 8 and 9 (overleaf), was so surprising 
in view of the width of the iridectomy that further sections were requested. It was 
then found that folding had occurred, probably because the specimen was 
imperfectly spread before being pinned out upon cork immediately after excision. 
Remounting and further sections showed that excision had been complete (Fig. 
10, overleaf). 










FRANK W. LAW AND PETER HANSELL 










Fic. 8.—High-power view of 
tumour. (x250.) 
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Fic. 9.—Bleached section for 
comparison with Fig. 8. 
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Fic. 10.—Second section showing complete removal of growth. ( x24.) 





An interesting feature of this section is the presence of what appears to be lens 
capsule, to be seen clear of the growth, at the left-hand end of the section, which 
caused immediate qualms lest the lens opacity observed at operation should spread. 
This has not occurred up to the present. 








4 





of 








ASSESSMENT OF IRIS NEOPLASMS 


Discussion 

It is reasonable to suppose that, in the absence of obvious growth, or 
distortion of surrounding tissues, clinical evaluation of small melanomata 
over a period of time is not always reliable. It would be unrealistic to 
depend on visual memory to detect a dimensional change of even 0-5 mm. 
spread over a few years. 

This case provides the opportunity for the description of a method which 
may well prove important in the objective determination of tumour growth. 
This seems to offer certain advantages over subjective clinical impression 
when small and slowly growing neoplasms are under periodic observation. 
No special apparatus is required and strict attention to working methods 
will ensure an accuracy upon which the clinician can depend. 

Photographic negatives made on glass by means of a fixed-focus camera 
provide records of no mean accuracy. In detecting small changes, some 
magnification at the negative stage is desirable, but otherwise a standard 
magnification of four or more times can be achieved in the enlarger; this 
obviously facilitates measurement. 


The photographic aspects of this problem could be elaborated indefinitely, 
depending on the precision required. Suffice it to say that superimposition 
of carefully scaled negatives taken at a certain magnification undoubtedly 
provides the quickest visual-cum-photographic assessment of changes. It is 
further suggested that stereophotogrammetric methods offer accuracy to 
within 0-01 mm. or less, and include the third dimension. Other principles 
are involved, however, and work is still proceeding along these lines. 


Summary 
A case of melanoma of the iris, which was removed surgically, is described, 
including a photographic method of observing and verifying any increase in 
size of such lesions. 
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RADIOTHERAPY IN THE TREATMENT OF ORBITAL 
TUMOURS * 


BY 
M. LEDERMAN 


Radiotherapy Department, Royal Marsden Hospital 


The clinical material for this study has come to the Royal Marsden 
Hospital from the Moorfields Westminster and Central Eye Hospital, the 
Royal Eye Hospital, the Royal National Throat, Nose and Ear Hospital, 
and the Metropolitan Ear, Nose and Throat Hospital. 

It is selected according to the therapy required, and cannot therefore be 
fairly used for assessing the incidence of orbital neoplasms. Table I shows 
the marked preponderance of secondary malignant tumours, which demon- 
strates this process of selection. 


BENIGN TUMOURS 


These are rare (Table II) and the indications for radiotherapy are restricted 
to haemangiomata (Figs 1 and 2, opposite). There were six orbital angiomata 
without involvement of the lids, but in a series of 48 angiomata of the lids, 
two had some degree of intra-orbital extension. Haemangiomata in children 
mostly undergo spontaneous regression and the main indications for treat- 


ment are: 
(1) haemorrhage or infection; 
(2) situation of the lesion on the scalp, napkin area, or neighbourhood of the eye; 
(3) satisfaction of the parents, who find it hard to accept a purely expectant 
policy when a simple, safe, and helpful remedy is available. 






































TABLE I TABLE II 
ORBITAL TUMOURS SEEN AT BENIGN TUMOURS AND GRANULOMATA 
THE ROYAL MARSDEN 
HOSPITAL, 1933-1955 No. of 
Type of Tumour Cance 
No. o 
Type of Tumour Cases | Vesculer Haemangioma 8 
| Lymphangioma 1 
Benign... a ae 17 Benign | eae - 
| eurofibroma 
Granuloma ay. ate 5 | Various Meningioma 1 
Primary... 42 Pseudotumour ... ‘s 1 
Malignant Granuloma Sarcoid ... 1 
Secondary ... 126 Malignant granuloma .. 3 
Total js a 190 Total sep ae Re 20 








Radiotherapy is the method of choice when treatment is indicated, and it 
is safe because only infrequent small doses are necessary; but, whereas results 
in lid and cutaneous haemangiomata are almost uniformly satisfactory, 





* Received for publication May 31, 1956 
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L 
am (A) Before radiation treatment. (B) 7 years after treatment. 
t € Operation had been attempted twice before. Movements of globe on right side restricted. 
ital, Fic. 1.—Orbital haemangioma. 
Ows 
10n- 
cted 
nata 
ids, eran n> — 
iren (A) Before radiation treatment. (B) 2 years after treatment. 
iad, Fic. 2.—Haemangioma of lid with involvement of orbit, recurrent after surgery. 
complete resolution is not invariable in orbital cases, and surgical removal 
after radiotherapy was necessary in one of our patients. 
eye; MALIGNANT GRANULOMA 
‘tant os ‘ 
These are necrotizing granulomatous processes of unknown aetiology 
usually affecting the nasal passages (Fig. 3). The outcome is usually fatal 
ATA and the only remedy of occasional but proved value is radiotherapy (Ellis, 


adh 1955). These patients usually reach the rhinologist first, but of the six cases 
seen, three had proptosis in addition to invasion of the nasal fossa and 
paranasal sinuses, and in two the eye was lost. 





8 
1 
5 
1 
1 
1 
3 : 
"ee A B C 
Fic. 3.—Malignant granuloma. This is primarily a disease of the nasal passages, but the 
qi orbit was invaded in three out of six patients seen. In C the eye has been removed. 
1d J : 
ults PRIMARY MALIGNANT TUMOURS 
ory, 


_The diagnosis of a primary malignant orbital tumour must be confirmed 
histologically. All the cases in this series with one exception were so 
14 : 
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confirmed, and no patients. local condition was worsened because a biopsy 
was performed. 
The primary tumours seen by the radiotherapist are those the surgeon 


regards as unsuitable for operation, i.e. sarcomata of lymphoid tissue, other 
rapidly growing sarcomata of children and young adults, and malignant 


lacrimal gland tumours which cannot be totally removed (Table III). 


TABLE Ill 
PRIMARY MALIGNANT TUMOURS 





| 























Type of Tumour No. of Cases 
: { 
| nign”’ lymphoma (6) 
| Of Lymphoid Tissue {Lymphosercoma (7) .. 14 
Reticulosarcoma (1) ... 
Sarcoma 
| Rhabdomyosarcoma arr : 
| Other ... sil 
Lacrimal Gland ... nm ive ob ea wap ay 14 
Nerve Tissue (Glioma of optic nerve) ... oe8 bee pee 1 
Total... cae ste sa es. ae. ike 42 











Sarcomata of Lymphoid Tissue—These are the commonest primary orbital 
tumours; they are all uniformly radio-sensitive and radiotherapy is the treatment of 
choice. The different histological labels given to these tumours should not be 
allowed to obscure their histogenic unity. Their structure and behaviour 
vary widely, for the histologically benign lymphoma may cause rapid death from 
dissemination, whereas the patient with a lymphosarcoma may survive for many 
years. The reticulosarcoma is the least malignant of the group and has the best 
prognosis, whereas some cases of lymphosarcomata and benign lymphomata 
disseminate widely or develop a leukaemic blood picture whilst others remain well 
for varying periods, the ultimate fate of the patient apparently depending on a 
capricious providence. In this series of fourteen cases, two of the “benign” 
lymphomata developed secondary manifestations (chest, spine) and one patient 
developed leukaemia. The two bilateral lymphomata each presented laryngeal 
deposits (bilateral false cord infiltration and a single deposit on the aryo-eipigiottic 
fold). It would thus appear wise to examine the larynx routinely in all cases of 
orbital lymphomata. 

The results (Table IV, opposite) show that the prognosis for this group of tumours 
is reasonably good, and the eye should prove no problem as the only risk of damage 
is late cataract. In this series no eye was lost through radiation treatment (Figs 
4, 5, and 6, opposite). 
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TABLE IV 


SARCOMA OF LYMPHOID TISSUE 






































| Number of | x Side | Survival (yrs) 
Type of Sarcoma Cases Age (yrs) 

Treated [M(F(R(L([B/ 5 . 

Lymphoma a 6 | 40-79 Bo 2 Oa ae 1/2 | 5/5 
(average 53) 

Lymphosarcoma os | 7 47-82 | 4 | 3 | 2 | 4 | 0 | 3/3 | 4/6 

(average 64) | 
Reticulosarcoma at 1 | 53 (| 0 1 | 0 | 0 Alive 13 yrs 








(A) Before radiation treatment. (B) After treatment. 
This patient developed a leukaemic blood picture and died of dissemination 2 years later. 
Fic. 4.—Bilateral orbital lymphoma. 













(A) Before radiation treatment. (B) After treatment. : 
The eye was not removed, and the patient died of a local recurrence 5 years later. 
Fic. 5.—Lymphosarcoma of orbit. 





(A) Before radiation treatment. (B) 13 years after treatment. 
The patient was monocular. Blind right eye removed before starting radium beam therapy. 
Fic. 6.—Reticulosarcoma. 
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Rhabdomyosarcomata.—Our experience of this rare tumour was limited to seven 
orbital and four extra-orbital cases. Histological sections were available for all 


the orbital cases; in three the presence of striations was demonstrated, and in the 


rest the clinical features, course of disease, and response to radiation justified 


the diagnosis. 


It is generally agreed that these tumours are exceedingly rare, occur in children, 
and are highly lethal. Reese (1951) notes 25 cases of undisputed orbital 


rhabdomyosarcoma in the literature and reports two 10-year survivals out of five 


of his own patients treated by exenteration. He states categorically that the 


tumours are radio-resistant and this view is supported by Duke-Elder (1952). 


Offixet (1951) repeats the accepted view concerning radio-sensitivity and points out 


these tumours may show variations in rate of growth, and advances Masson's un- 


Supported hypothesis that there are two forms of rhabdomyosarcoma: a typical 


form. of congenital origin, and an atypical form of acquired origin. In a subse- 


quent chapter, however, under the heading “‘ malignant reticular tumours”, Offret 


gives a classical account of the behaviour and response of the tumours paralleled 


IM Our series by the “rhabdomyosarcomata”. The experience obtained in the 


radiation treatment.of our series of cases leads us to believe that they occur 


Mostly in children, remain localized to the orbit, and are highly radio-sensitive. 


They are, however, only exceptionally radio-curable, since prompt recurrence 
18 nearly always the rule (Fig. 7). 





A B 7 Cc 
(A) Before radiation treatment. 


(8) Regression with immediate recurrence after treatment. 
(C) Recurrence in orbit immediately after exenteration. 


Fic. 7.—Rhabdomyosarcoma of orbit. 


Only the two eldest patients in this series have survived, and one of them has 
developed xerophthalmia and has little vision in the eye (Fig. 8). 





(A) Before radiation treatment. (B) 2 years later. Xerophthalmia present. 


Fic. 8.—Rhabdomyosarcoma of orbit. 


The longest survivor has evidence of a radiation cataract (Fig. 9 opposite), 
and the third survivor, aged 6, has so far remained free of recurrence for 6 


months (Table V, opposite). 
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A 
Fic. 9.—Rhabdomyosarcoma of orbit. (A) Before radiation treatment. (B) 3 years after 


treatment. (C) Cataract occurring within 39 to 42 months of treat ment. 














TABLE V 
RHABDOMY OSARCOMA 
Number of Cases 7 
Age Range (yrs) 3-26 
Sex | 2 Male, 5 Female 
Side | 5 Right, 2 Left 





3 Rhabdomyosarcoma 


3 Sarcoma, suggestive of rhabdomyosarcoma 


1 Undifferentiated sarcoma 


I for 3 yrs (aet [9)—proven 


1 for 14 yrs (aet 26)—suggestive 


) for 3 mths (aet 6)——undifferentiated sarcoma 





Histologically Proven { 


( 


Survivors } 





———__~_1- 





The rhabdomyosarcoma (or, when the typica) cells cannot be demonstrated, 
the round cell, mixed cell, embryonic, or anaplastic tumour, to use some of the 
histological terms employed) should always be treated by radiotherapy in the first 
instance. All these tumours have so far disappeared under radiation, though 
many have recurred promptly in which event exenteration has been performed. 
There is no evidence to show that immediate exenteration has any advantage for 
cases behaving in this fashion and, as these tumours appear to remain localized, 
any delay in operation because of the preliminary attempt at cure by radiotherapy 
is not apparently associated with an increased risk of metastases. In the four 
patients who died of this disease, distant metastases were not demonstrated, 
although post-mortem examinations were not done. Distant metastases did occur, 
however, in the extra-orbital group which also proved less responsive to radiation. 

Lacrimal Gland Tumours.—These are rare, the commonest being the “mixed’’ 
tumour which appears to be analogous both clinically and histologically to the 
mixed tumour affecting the major and minor salivary glands of the buccal cavity 
and pharynx. These tumours have a common epithelial origin but because of 
their cellular pleomorphism the histological appearances may range from the 
benign adenoma to the adenocarcinoma, and a tumour may sometimes be com- 
pletely anaplastic. These wide variations in morphology are reflected in their 
clinical behaviour, which may vary from apparent simplicity to high malignancy 
with widespread metastases. However benign the histological picture, these 
tumours should always be regarded clinically as malignant. 


The mixed or pleomorphic tumours of the salivary and lacrimal glands form 


the largest group of tumours affecting these organs: not only is their site of origin 
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singular, but they are unique among human neoplasms in their natural history. No 
other epithelial neoplasm equals the mixed tumour in its characteristic slow 
remorseless progress: cure by any method of treatment cannot be judged in terms 
of the ordinary 3- or 5-year survival rates but rather by decades, and even then after 
half a lifetime the patient is never free from the risk of recrudescence. 

Death from metastases is unusual but may occur early.in the course of the 
disease where the primary tumour is a rapidly-growing undifferentiated adeno- 
carcinoma or a cylindroma. With the so-called mixed tumours of the lacrimal 
gland, the tempo of recurrence and spread is usually more rapid than with the 
corresponding tumours of the main salivary glands and the prognosis is therefore 
much graver. Reese (1951) attributes the high proportion of recurrences and the 
high mortality from lacrimal gland tumours to the difficulties of surgical approach 
and removal, the tendency to invasion of the capsule, and particularly the early 
invasion of bone (Fig. 10). 





A B C 
(A) Before radiation treatment. (B) After treatment. (C) Skiagram of same case before treatment. 
Fic. 10.—Lacrimal! gland tumour showing invasion of skull. 

It is a common observation that mixed salivary tumours are relatively radio- 
resistant. I have treated a large number of salivary gland tumours by radiation 
pre-operatively and have also had abundant opportunity of treating post-operative 
recurrences. Radiotherapy can help reduce the recurrence rate within the limita- 
tions and fallacies imposed by the 5-year period of observation, and should 
therefore be routinely used in association with surgery. Radiotherapy is, of course, 
the method of choice for the inoperable, recurrent or highly malignant epithelial 
tumours and the lymphosarcomata. Table VI (opposite) shows the results obtained. 

Two cases of primary adenocarcinoma of the lacrimal gland survived for over 
10 years, one patient retaining a normal eye (Fig. 11). 








(A) Before radiation treatment. (B) 12 years after treatment. A radiation cataract 
has not developed. 


Fic. 11.—Adenocarcinoma of the lacrimal gland treated by local excision and radiotherapy. 
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TABLE VI 
LACRIMAL GLAND TUMOURS 























No. Sex Side Removal of Eye Survival 
Type of Tumour #8. Age (yrs) (yrs) 
Pre- Post- 

M|F/R/L| B| radiation | radiation| 5 3 

Mixed ... ..] 5 37-76 |3/2/2/3/0 2 ee 2/3 | 3/4 
(average 53) 

Adenocarcinoma ... 4 36-52 1/3/0/)4)/0 3 — 2/3 | 3/4 
(average 46) 

Undifferentiated 3 31-65 1/2/1/2/0 1 a 1/2 | 1/2 
Carcinoma oe (average 43) 

Lymphosarcoma ... 2 49 and59 }1/;1/0/1/) 1 — —_— O/1 | 1/2 
(average 54) 






































In the one patient with undifferentiated carcinoma who survived for 5 years, 
the tumour arose primarily in the lacrimal sac ; it is included here for convenience. 


Other Tumours.—Table VII lists the results obtained and warrants no special 
comment. 




















TABLE VII 
OTHER MALIGNANT TUMOURS 
Histology No. of Cases Result 

Liposarcoma 1 Died of disease after 5 yrs 
Mixed cell sarcoma 1 Died of disease after 4 yrs 
Glioma optic nerve 1 Alive after 5 yrs 
Various sarcomata y Died of disease 
No pathology 1 Died of disease after 2 mths 











SECONDARY MALIGNANT Tumours (Table VIII, overleaf) 


Intra-Ocular Tumours.—A malignant intra-ocular tumour is usually treated by 
removal of the affected eye. Radiotherapy is reserved as a post-operative measure 
if examination of the excised eye shows evidence of extra-ocular spread, or if frank 
post-operative recurrence be detected in the socket or orbital cavity after exentera- 
tion. In only three of a series of 31 choroidal melanomata irradiated post- 
operatively were frank orbital deposits visible (Fig. 12, overleaf). 

In the case of the retinoblastoma, irradiation is reserved either for neoplasm 
occurring in the sole remaining eye, or as a post-operative measure if extra-ocular 
extension be detected or if frank recurrence takes place in the socket. There were 
three patients in the last category, out of a total of twenty seen with retinoblasto- 
mata (Fig. 13, overleaf). 
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TABLE VIII 
SECONDARY MALIGNANT TUMOURS 




















Origin No. of Cases 

Intra-ocular tumours { Retnoblasiome .  . fay CS 
Paranasal sinuses gs 77 

Neoplasms arising in neighbouring regions | Crank eee ee “} 100 
\ Lids and epibulbar regio: 8 

pone 

Metastases from Carcinoma kidney . $e ee ita ees - i 10 
Neuroblastoma 2 

Orbital manifestations of generalized lymphoid tumours fea ie 10 

Total ... ag as is se +s sh see 126 












(A) Before radiation treatment. (B) After treatment. 


Fic. 12.—Intra-ocular melanoma. 
(Reproduced by courtesy of the Editor of the British Journal of Radioiogy). 





(A) Before radiation treatment. (B) After treatment. 
Fic. 13.—Retinoblastoma: post-operative recurrence. 


Metastatic Tumours (Figs 14, 15, and 16, opposite).—These are rare and usually 
comprise one dramatic manifestation of a generalized dissemination. An orbital 
metastasis should be treated by radiotherapy if the patient’s general condition is 
satisfactory; otherwise the patient may live long enough to develop the distressing 
symptoms associated with progressive and uncontrolled proptosis and his 
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(A) From carcinoma of the breast. (B) From hypernephroma. 
(C) From neuroblastoma. (D) From carcinoma of the bronchus. 


Fic. 14.—Secondary deposits in the orbit. 








(A) Before radiation treatment. (B) After treatment. 
Fic. 15.—Secondary deposit in the orbit from carcinoma of the bronchus. 





(A) Before radiation treatment. (B) After treatment. 
Fic. 16.—Orbital neuroblastoma. 


terminal state become truly wretched. Secondary deposits of this type respond 
reasonably well to radiotherapy, and these patients can usually be spared removal 
of the eye or more radical orbital surgery. 


Tumours of the Lids and Epibulbar Region.—Secondary invasion of the orbit from 
cancer of the lids was not uncommon in the pre-radiation era. It is rare nowadays 

















602 .M. LEDERMAN 


to meet a rodent ulcer which has either been so neglected or so failed to be con- 
trolled by treatment that progress to the stage of orbital invasion and destruction 
of the orbital contents has occurred. Extension to the orbit from primary cancers 
of the lid and epibulbar region should be treated in the first instance by radio- 
therapy, and this should be followed by radical surgery whenever possible. Radio- 
therapy alone is usually of palliative value only, and surgery without radiotherapy 
is likely to be followed by recurrence. 


Generalized Lymphoid Tumours (Fig. 17).—Orbital lesions occurring during the 
course of an already established and generalized lymphoid tumour are not common 
(1-7 per cent. of cases: Duke-Elder, 1952). There were ten cases in a series of 
some three hundred patients seen at the Royal Marsden Hospital from 1945-1955. 
Radiation is the treatment of choice. 





(A) Lymphosarcomatous deposits in lacrimal (B) Leukaemic deposit in orbit and con- 
glands. junctiva. 
(C) Orbital deposit in Brill-Symmers disease. (D) Mikulicz syndrome in lymphosarcoma. 


Fic. 17.—Orbital manifestations of generalized lymphoid tumours. 


Invasion from Sinuses and Post-Nasal Space (Figs 18 and 19).—The commonest 
secondary orbital tumour seen by the radiotherapist follows invasion of the orbit 








(A) Before radiation treatment. (B) After treatment. 
Fic. 18.—Maxillo-ethmoidal carcinoma. 
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(A) Before radiation treatment. , (B) After treatment. 
Fic. 19.—Ethmoidal carcinoma. 


from a paranasal sinus cancer; or from the post-nasal space. Table [IX shows the 
incidence of orbital invasion in a series of cases seen at the Royal Marsden Hospital. 
This process is always of grave significance as far as prognosis is concerned and 
adds considerably to the technical difficulties of treatment because of the need to 
avoid radiation damage to the eye. 
TABLE IX 
CANCER OF PARANASAL SINUSES AND NASOPHARYNX 























Site of Carcinoma _... See aa Antrum Ethmoid Nasopharynx 

Orbital invasion oe oe a 54 23 14 

Cranial nerve involvement... re 17 5 43 

Post-radiation complications... as 15 4 5 

Eye removed ... ee in ae 5 3 -— 

Orbit exenterated _.... ae ae 6 3 — 
Total No. of Cases Sg sys 128 44 165 














Removal of a sound eye or exenteration of the orbit in the treatment of antral 
or ethmoidal cancer is never justifiable as a primary measure, for it adds little to 
the patient’s chances of survival. The presence of neoplasm in the orbit is an 
index of the extensive nature of the disease and if radiotherapy is first applied and 
fails then subsequent surgery is no more likely to be successful. In our total 
series of 172 cases of antral and ethmoidal carcinoma there were nine orbital 
exenterations and only one patient was still alive a year later. Of the eight other 
patients who lost the eye (in no case was removal necessitated by radiation damage) 
two have lived for more than 3 years. In both cases the patients came into the 
hands of plastic surgeons; one eye was removed because of infection and the other 
in spite of advice to the contrary (Table IX). 


COMPLICATIONS AND SEQUELAE OF RADIOTHERAPY 


In advocating radiotherapy for the treatment of malignant orbital tumours 
one must be ever conscious of the possible risks of damage to the normal eye. 
If the risks of radiation damage to the eye are considerable, then a case can 
be made out for removing the eye before embarking upon radiotherapy. 
If, however, the risks can be shown to be small or otherwise worth accepting, 
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then clearly the eye should be left, since it is far better for a patient to retain 
the eye even at the cost of impaired vision than suffer its removal, which is 
inevitable when a malignant orbital tumour is submitted to surgical treat- 
ment. 

The sinister reputation of radiotherapy among ophthalmologists is well 
known. Under modern conditions the ocular disasters encountered in the 
early days are rarely seen, though it would be wrong to give the impression 
that the irradiation of a malignant orbital tumour is without risk. Complete 
protection of the eye cannot be obtained nor is it desirable since tumour 
tissue may simultaneously be protected; the most one can hope to achieve is 
to protect from direct radiation the vulnerable ocular tissues forming the 
anterior segment of the eye, namely the cornea, iris, ciliary body, and lens. 


The risks of radiation damage to the eye depend on the following factors: 


(1) The radio-sensitivity of the tumour and the dosage employed. 
(2) The state of the eye before treatment. 

(3) The technical'‘method of radiation employed. 

(4) The degree of protection possible. 


(1) Radio-sensitivity and Dosage.—TYhere is a material variation in the radio- 
sensitivity of various parts of the normal eye. Thus the outer eye, comprising 
the lids, conjunctiva, and cornea, tolerates radiation well and any reactions occur- 
ring usually heal without serious or permanent damage (Fig. 20, opposite). The 
norma) cornea tolerates radiation even when high doses are given—providing 
sepsis and trauma are avoided. Of the intra-ocular structures, the [ens alone is 
highly radio-sensitive, a single dose of 600r or 1,500r in 1 month being almost 
certain to produce a cataract. Little is known concerning the radio-sensitivity of 
the retina and uveal tract. 

Tumour sensitivity and the dosage of radiation required* vary considerably. 
The lymphoid sarcomata are radio-sensitive and a dose of 2,000-3,000r delivered 
during one month proved adequate for most cases, but secondary orbital invasion 
from cancer of the paranasal sinuses may prove most obstinate and high doses of 
5,000-6,000r in 4-6 weeks often prove inadequate, especially with extensive bone 
involvement. Secondary deposits from other primary tumours or spread from 
intra-ocular tumours can usually be controlled by doses of about 4,500r in 1 month. 
The secondary manifestations of the reticuloses are as sensitive as the lymphoid 
sarcomata or more so. 

The techniques employed for treating patients suffering from benign orbital 
tumours (usually haemangioma) should be risk-free as far as the eye is concerned. 
The dosage and timing of the treatment should be such that visible reactions are 
avoided and the eye completely protected from direct radiation. 


(2) State of the Eye before Radiation Treatment.—This plays a large part in 
determining whether or not an ocular complication will develop. When the eye is 
normal in position and the lids are normal, there is less likelihood of damage than 


when the eye shows a severe degree of proptosis with chemosis of the conjunctiva 
and swelling of the lids or perhaps an exposure keratitis. The latter cases are 


especially prone to develop a troublesome corneal complication, during or after 
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(A) Eye during stage of full reaction. 





(B) 18 days later—corneal oedema with superficial 
punctate Staining. 





(C) 8 months later—reaction subsided. 


Fic. 20.—Reaction of normal eye to teleradium 
therapy (12 g. unit). The eye was irradiated 


directly without any protection. 





radiotherapy. Visual acuity which has become reduced because of the presence 
of an orbital tumour is not generally improved after successful radiation treatment; 
the most one can hope for is the prevention of further deterioration of vision as the 
tumour regresses and the eye returns to a more normal position. 

(3) Technical Method.—This is of fundamental importance since the close 
application of radio-active sources, i.e. radon seeds, radium needles, tantalum wire 
rings, all carry a high risk of producing marked changes in the lens, conjunctiva, 
and cornea, some of which may be permanent. External radiotherapy is the ideal 
method of treatment for an orbital tumour, local methods of application being 
reserved for cases in which the eye has already been removed. Of the external 
methods of radiation available, high-voltage or supervoltage x-rays are preferable 
to teleradium or telecobalt therapy, in which efficient ocular protection is almost 
impossible. 

(4) Degree of Ocular Protection.—This depends on the nature and extent of the 
tumour and region of the orbit affected. Most primary malignant orbital tumours 
demand the irradiation of the whole orbit and an important fraction of the eye, as 
otherwise one cannot be certain that all the tumour tissue will be irradiated. 
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However, in the case of a palpable localized tumour of epithelial origin, such as a 


lacrimal ‘gland tumour or an orbita) invasion secondary to paranasal sinus cancer, 


radiation can be restricted to the affected portion of the orbit. Where the whole 


orbit has to be irradiated, the cornea and the intra-ocular structures deep to it can 


be shielded from direct radiation to a variable degree. By this means a keratitis 
and iridocyclitis may be avoided, but a cataract may still subsequently develop 


because of the amount of scattered radiation reaching the lens. 

Table X lists the chief ocular complications encountered. These are 
permanent lesions due to damage by radiation and are to be carefully dis- 
tinguished from temporary reversible changes which are generally termed 
the “reaction”. The incidence of certain complications is not quoted in 
Table X because these must be accepted as foreseeable and calculated risks. 

TABLE X Thus epilation of the brow 

COMPLICATIONS OF RADIOTHERAPY and lashes can in a given 

case be predicted with cer- 
| Orbital Tumour tainty and no attempt can 
| Primary | Secondary be made to avoid this type 
of damage. Similarly, os- 


sth | ees wee teonecrosis is almost in- 





Complication 








Epilation 


Lid scarring and deformity 
Socket contraction .. f 


_ evitable if radiation be 





applied to bone which is 


both invaded by neoplasm 
and infected; in some 


Chronic conjunctivitis 
Xerophthalmia ek 


_ 








| 
| 
| 





ae gpa ial - : cases this complication can 
Corneal vascularized opacity — 1 be avoided by preliminary 
Vitreous haemorrhages | 1 1 removal of the invaded 
Cataract 6 single 14 single and infected bone. P ‘ost- 


1 bilateral | 5 bilateral radiation necrosis in a 


im Ce s me | Li previously normal bone 
is exceptional. 














Radiation Cataract.—This is by far the commonest single complication and is 
to be expected in nearly all malignant cases treated. So far we have encountered 
twenty unilatera) and six bilatera) cataracts. here is usually a latent period of 
some 3 years between the treatment and the onset of the cataract, which as a rule 
occasions surprisingly little complaint. Extraction of the cataract has been 
performed in two cases, apparently without undue difficulty. It is justifiable to 
run the risk of radiation cataract in treating a malignant lesion of the eye or 
orbit where no alternative to radiotherapy exists or where surgical treatment 
would entail enucleation. 


Superficial Punctate Keratitis.—This can be a troublesome sequel to the keratitis 


which occurs if the eye is not protected. It may also develop when the cornea is 
directly protected, and may then be ascribed to secondary irritation of the cornea 


from the reaction in the lids. 
Corneal Ulceration.—This can rarely be directly attributed to radiation, since in 
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the absence of trauma or infection the cornea tolerates therapeutic dosage well, 


but it is sometimes encountered in the following circumstances: 


(1) After contact or direct radiation where the radiating source is placed on or near 
the cornea, 

(2) As part of an exposure keratitis consequent upon the uncontrolled progress of the 
orbital disease. 

(3) In the form of superficial ulceration of the lower part of the cornea followed later 


by a vascularized scar. 


This vascularized scarring of the cornea is very rare and characteristically affects 
the lower half or third of the cornea. One case of this kind was seen in this 
series, and another occurred after irradiation of a lower-lid tumour. In both 
these cases, marked post-radiation changes were present in the lower lid on the 


affected side (Fig. 21), 


(A) After irradiation of carcinoma of the antrum 


(teleradium therapy without ocular protection). 


(B) After irradiation of a lid tumour (x-ray 


therapy with protection of the eye). 


Fic. 21.—Vascularized corneal opacity. In both 


cases the lower lid shows permanent radiation 
changes. 


Reese (1951) attributes this type of corneal change to the process of keratiniza- 
tion of the corneal and conjunctival epithelium which may follow radiotherapy. 
This may well be so, but the alternative possibility that the corneal lesion is second- 
ary to the associated lower-lid changes must also be considered in view of the 


rarity of the complication. 


Lacrimal Secretion Irradiation of the major salivary glands of the mouth is 
followed by alterations in the quality and quantity of the secretion of saliva, 
Such changes, which result chiefly in dryness of the mouth associated with a much 
diminished and viscid saliva, can be permanent; the affected mucous membranes 
become dry and glazed and the teeth if present become carious. Similar changes 
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in the quality and quantity of the tears secreted may cause a chronic irritable eye 
or a xerophthalmia (Fig. 8). 

Reese ascribes the chronic irritable eye to keratinization, keratin being des- 
quamated into the conjunctival sac. Fortunately, irradiation is rarely admini- 
stered to the lacrimal and associated glands in sufficient quantity to damage their 
secretory function permanently or severely. 


Vitreous Haemorrhage.—This is an exceptional complication. Reese en- 
countered it after treating intra-ocular tumours (retinoblastoma) by his special 
technique of x-ray therapy, whereby a high dose of radiation, 8,000r x 2, is given 
over 34 months using 220 kV x-rays; 34-5 per cent. of the retinoblastomata so 
treated developed retinal or vitreous haemorrhages 5 to 2) months after the 
completion of treatment. 

If at all frequent a serious vascular complication of this kind, which may result 
in loss of vision, might well make radiotherapy pointless since the possibility of 
saving vision is its chief advantage over surgery. Fortunately, in treating an 
orbital as opposed to an intra-ocular tumour, the risk of retinal or vitreous haemor- 
rhage is apparently negligible. Only two patients developed this complication 
and in neither was it certain that the radiation was the cause of the haemorrhage. 

In the first case, a patient suffering from a carcinoma of the antrum 9 years after treat- 
ment developed vitreous haemorrhage associated with a choroido-retinal degeneration 
over the region of the eye related to the diseased part of the orbit. Removal of the floor 
of the orbit had been undertaken for osteonecrosis several years before. It is not im- 
possible that the localized changes in the eye were due to surgical trauma, since the ocular 
appearances were not unlike those which follow the application of diathermy. 

In the second case, a tumour of the lacrimal gland was treated post-operatively by 
x-ray therapy, the eye being shielded. A vitreous haemorrhage developed 2 years later, 
and has since recurred. The patient retains some vision but unfortunately has only the 
oneeye. Apart from epilation there are no other stigmata of radiation change or damage. 


Vitreous haemorrhage without radiation cataract may not be due to radio- 
therapy, for retinal or vitreous haemorrhage is an expression of a damaged vascu- 
lature, and the high dosage of radiation which would produce the requisite degree 
of damage would certainly be high enough to produce a cataract. 

In the treatment technique used by the writer, the retinal vessels are irradiated, 
but the dosage and technique are fundamentally different from those employed by 
Reese in treating retinoblastoma; his method is more likely to be followed by 
marked post-radiation changes in the retinal blood vessels than more conventional 
methods using a lower dosage in a shorter time. When techniques comparable 
to those used by Reese for retinoblastoma are used for carcinoma of the head, 
neck, and breast, marked connective tissue changes including sclerosis of blood 
vessels are known to occur. 


‘ Epilation of the Lashes and Brows.—This is cosmetically unwelcome but never 
serious. The lower lashes usually suffer first, to be followed by the upper lashes 
and finally by the brow. Epilation of the eyebrow is more likely to be permanent 
than epilation of the lashes. 


Scarring.—The permanently epilated lid has a tendency to become keratinized 
and deformed. 
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Socket Contraction (Fig. 22).—This is inevitable after external radiation 
or heavy local irradiation. The process of fibrosis and contraction begins im- 


mediately after the reaction subsides; it progresses rapidly to the state where a 
prosthesis cannot be accommodated, and ultimately the socket shrinks up com- 


pletely, the epithelium undergoes metaplasia, and all that remains is a shallow 
trough-like depression between two hairless and atrophic lid margins. This com- 


plication is unsightly and difficult to remedy once it has become established, but 


(A) Socket showing reaction and glass shell in 
place. 


(B) Patient after treatment fitted with artificial eye. 


(C) Socket contraction and adhesion where glass 
shell was not worn during radiation treatment. 


Fic. 22.—Post-operative irradiation of socket. 


it can be prevented by making the patient wear a glass shell from the very 
beginning of treatment. It is surprising how well patients tolerate these shells in 
sockets which show severe reaction. Once the reaction has settled down and the 
socket has “stabilized” itself as far as contraction is concerned, the temporary 
glass shell can be replaced by the final artificial eye. 


Prevention of Ocular Complications 
Selection of Cases.—A good eye should never be sacrificed for the sake of 
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circumstances the eye should be removed as a preliminary to radiotherapy: 


(a) a blind eye which has already been damaged before treatment is begun, 
(b) an eye which is proptosed and affected by a severe exposure keratitis, neuroparalytic 
keratitis, or a panophthalmitis. 


In dealing with radio-sensitive tumours, even a severely damaged eye may be 
saved, and this should always be borne in mind when a patient is reluctant to 
agree to preliminary removal of the eye (Fig. 5). 


Technique 

(a) The greatest safeguard to the eye is to shield it against radiation either 
directly or indirectly. The vulnerable part of the anterior segment of the eye 
should be shielded in all cases, and the sound eye should be completely shielded 
as a routine however slight the apparent risk. 


(b) Local contact methods of gamma radiation using radio-active sources near 
the normal eye should be avoided, since they carry a high risk of ocular damage 
and should with few exceptions be reserved for the treatment of the socket. 


(c) Low dosage and the avoidance of brisk reactions will go far to eliminate 
ocular complications in treating non-malignant tumours. Local tissue reactions 
to radiation are inevitable in treating malignant tumours, but can in part be 
controlled by attention to the dosage and time factor. 


Ophthalmological Control.—All patients receiving radiation in the region of 
the eye should be seen by an ophthalmologist before, during, and after treatment. 
Only by regular observation can incipient complications be detected and dealt 
with promptly. The care of the eye during the stage of acute reaction is a major 
measure and requires both ophthalmological supervision and skilled nursing. 


I am most indebted to the surgeons, both ophthalmologists and laryngoiogists, who have sent 
me cases and enabled the work to be carried out, particularly Mr. C. Dee Shapland, consultant 
ophthalmologist, and Mr. J. M. Mallett, ophthalmic registrar to the Eye Department of the Royal 
Marsden Hospital, who have preserved many an eye from the depredations of radiotherapy. I 
am grateful to Dr. J. W. Whittick, Director of the Pathology Department of the Royal Marsden 
Hospital, and to Dr. Norman Ashton, Director of the Department of Pathology of the Institute 
of Ophthalmology, and also to Dr. J. Jackson Richmond, Director of the Radiotherapy Department 
of St. George’s Hospital, for permission to include one successfuily-treated lymphosarcema. 

IT also wish to thank several generations of assistants, in particular Dr. A. D. O’Connor, now of 
the Kent and Canterbury Hospital, Miss V. M. Dalley, my assistant for the past 6 years, and finally 
Miss L. J. Hunt, of the Department of Medical Photography, who provided the illustrations. 

The Editor of the Proceedings of the Royal Society of Medicine has given me permission to draw 
upon material published in that Journal. 
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THE BRITISH STANDARD FOR SPECTACLE LENSES* 


BY 
NIGEL CRIDLAND 


Portsmouth 


THE prescriber who orders spectacles intends his patient to have an optically 
efficient appliance, and the introduction of a British Standard for Spectacle 
Lenses is a major advance towards realizing this intention. Dispensing is 
the translation of an idea into a fact, but the prescriber is concerned only 
with the effect of his idea and he should be free to assume that the idea (his 
prescription) has been accurately translated into the fact (the spectacles). 


- The intermediate steps ought not to concern him, and it is the purpose of 


this British Standard to remove some of the uncertainties in the translation. 

A British Standard, in any field, is normally a definition of the best in 
current practice. It is, first, a practicable standard; it is, second, a high 
standard; it is, third, a desirable standard. It is usually prepared by con- 
solidating the experience of all parties interested in the field into a draft 
specification, criticism of which is then widely invited. The criticisms and 
the draft are reconciled in the British Standard, which thereafter controls 
the quality of work done to its specification. It is, as it were, a hall-mark. 

In this new Standard, the British Standards Institution has sought the 
help of a wide range of interested parties, and it is a tribute to its methods 
that the draft specification drew little criticism when comment was invited 
from both home and abroad. Now it stands on its own feet, an acceptable 
challenge to manufacturer and dispenser and a guarantee to prescriber and 
patient. It is still open to criticism, or to amendment if necessary. Re- 
vision normally takes place every 5 years, but may be made earlier if it 
appears to be required. 

The Standard defines the accuracy normally to be expected for the power 
of a lens, its centration, the axis-setting of a cylinder, and the power and 
axis of a prism. It considers lenses taken as a pair, and touches on other 
related matters such as edging and marking. All these are technical 
problems of dispensing, but the Standard also contains matters which pre- 
scribers should note, because the aphorism about the strength of a chain is 
valid here. The back vertex power of a lens is used throughout, and the 
prescriber who wishes to take advantage of the British Standard should 
accustom himself to thinking of lenses in terms of this measure. As a 
corollary, the lens-cornea distance becomes more important both in refrac- 
tion and in prescribing and, tedious though it is, this measurement should 





* Received for publication February 15, 1956. 
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be routinely made in both acts. There is need for an effective and rapid 
tool for making it, preferably incorporated in the trial-frame. 

“Tolerances” are the limits of permissible departure from a stated measure, 
and are commonly set at one-half of the smallest customary step or interval 
in the stated measure. Thus, where the quarter-dioptre is the smallest step 
in general use in prescribing, one-eighth dioptre would usually be the toler- 
ance applied. But manufacture becomes rapidly more expensive as pre- 
cision increases, and the tolerances chosen are therefore a compromise 
which states only what is normally permissible. Greater precision is obtain- 
able, but the cost may be prohibitive. It follows that prescribers should 
have in mind the size of the zone that the tolerances will give, and should 
not seek to prescribe within narrower limits without remembering that 
extra cost is probably implied. 

There remain, of necessity, areas of indefiniteness in the field. Some of 
these the B.S.I. hopes later to remove by definition, while in some definition 


may be impossible or unnecessarily extravagant in proportion to the result ~ 


to be achieved. But in One area the Institute is already working, and a 
companion document on spectacle frames is under consideration. Together, 
they should remove almost entirely the prescriber’s concern about dispensing, 
and in the meanwhile this British Standard should be welcome to all who 
are interested in the outcome of the prescription. 


REFERENCE 
BRITISH STANDARD (1956) No. 2738, “‘Spectacle lenses.” 
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MEASUREMENT OF LENS POWERS AND DESIGN 
OF TRIAL CASE LENSES 


NEARLY 50 years have elapsed since the design of trial case lenses was last 
considered by an authoritative body in Great Britain. Since that time 
several factors have emerged to complicate what was then a simple matter. 
First, a new method of measuring lens powers, embodied in the vertex foci- - 
meter, has been adopted by many practitioners. This instrument gives 
results which may differ to an appreciable extent from those obtained by 
the traditional process of neutralization. For example, using different 
methods, it would be quite possible for two practitioners to disagree by over 
one dioptre in their measurement of a strong positive lens. Secondly, the 
use of curved lenses has become increasingly widespread, and this means 
that the lenses dispensed will usually differ in form from the trial lenses 
used in testing. Thirdly, the introduction of various plano-form trial cases 
with disparate systems of numbering has created a further source of possible 
discrepancy between the focal effect intended by the prescriber and that of 
the lenses actually dispensed. 

The time has clearly been ripe for a review of the whole problem. It was 
for this reason that the then Minister of Health, early in 1955, appointed a 
Committee under the chairmanship of Sir Stewart Duke-Elder “to review 
standards for trial case lenses and the method of measuring lens powers and 
to make recommendations”. The members of the Committee included 
representatives of all the professional bodies and trade associations con- 
cerned, and their Report, which was unanimous, has recently been published 
(Ministry of Health, 1956). 

The following is a brief summary of the contents of the report. Although 
the subject matter may appear to be uncomfortably involved in optical 
mathematics, it is nevertheless of direct concern to every ophthalmic 
practitioner as well as to dispensing opticians and lens manufacturers. 


Measurement of Lens Powers.—Part I of the Report deals with the 
measurement of lens powers. It is obviously desirable that the method 
adopted should assign the same numerical value to lenses having the same 
focal effect (at the same distance from the eye) even though they differ sub- 
stantially in form, thickness, or both. This requirement is satisfied by 
making the criterion the state of convergence or divergence of the rays of 
light as they emerge from the back surface of the lens: in other words, by 
numbering lenses according to their back vertex powers. Another essential 
requirement is that trial case lenses should be numbered on the same basis 
613 
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as lenses supplied to prescription. Nearly all the trial cases made in Great 
Britain during the past 40 years have been numbered on systems which are 
either identical with or closely approximate to a back vertex numbering. 
Hence, a back vertex numbering for all ophthalmic lenses is not only best 
in theory but is needed to ensure conformity with the great majority of trial 
cases now in use. 

Despite its many conveniences, neutralization does not afford an accurate 
means of measuring the back vertex power of curved lenses. To obtain central 
contact the neutralizing lens is necessarily placed against the convex surface 
of the lens under test. The quantity so measured is the front vertex power. 
. Unfortunately, the front vertex power of a strong positive lens may differ 
considerably from its back vertex power. Furthermore, two lenses having 
the same front vertex power may have different back vertex powers. Thus, 
neutralization is open to two objections: first, it does not measure the 
quantity of real significance, and, secondly, its results are not readily con- 
vertible into back vertex powers. The relationship is a complicated one, 
involving both the form and the thickness of the lens. Table I of the Report 
shows the difference between the two powers for a representative range of 
lenses, indicating that neutralization may lead to appreciable errors when 
applied to convex lenses over +2 D. 

In recommending that the back vertex system of measuring lens powers 
now become an accepted standard, the Committee points out that it has 
already been adopted in most other countries and by industry generally in 
Great Britain. At least four British firms have produced vertex focimeters 


suitable for professional use. 


Importance of the Vertex Distance——The effective power of a spectacle 
lens at the wearer’s eye is influenced by the “vertex distance”’, that is to say, 
the distance from the back vertex of the lens to the cornea. To a first 
approximation, each millimetre of variation in the vertex distance alters the 
effective power of a lens by F?/1,000, where F denotes its nominal power. 
Thus, a 3-mm. variation in the vertex distance would alter the effective 
power of a 16 D lens by approximately 0-75 D. | 

The design of trial frames does not always permit the back lens to be 
placed as close to the eye as the lens which will subsequently be worn. In 
this event there will be a change in the vertex distance. Table II of the 
Report shows the effect of such changes for lenses of various powers, from 
which the Committee concludes that a prescription of high power is not 
complete unless the vertex distance is stated. The Committee accordingly 
recommends that the vertex distance be recorded whenever the prescribed 
power exceeds 5 D and even on lower powers when a significant change in 
the vertex distance may be expected. It is considered to be the duty of the 


dispenser to determine any such change and to modify the prescribed power 
accordingly. 
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Standards for Trial Case Lenses.—Part II of the Report deals with trial 
case lenses, beginning with a brief review of two previous standards. 

The first was that published in 1908 by the Optical Society of London. 
It was then recommended that the spherical lenses should be made equi- 
convex and concave, the system of numbering being based on neutralization, 
The negative Ienses were to be marked with their equivalent power, which 
differs but little from the vertex power when the centre thickness of the lens 
is small. The positives were to neutralize the corresponding negatives. As 
shown by Table III of the Report, this system approximates very closely to 
a back vertex numbering. Most of the full-aperture trial cases since made in 
Great Britain have followed the recommendations of the 1908 standard. 

In 1927, new standards for trial case lenses were published jointly by the 
Institute of Ophthalmic Opticians and the Associations of Wholesale and 
Manufacturing Opticians. The sponsors recommended that the spherical 
lenses be made plano-convex and concave and of 25 mm. effective aperture. 
It was further recommended that the positives should continue to neutralize 
the corresponding negatives, as the Optical Society had proposed in 1908. 
The authors of the new standard evidently failed to realize that, although 
the same numbering system was apparently being continued, its practical 
effect would be completely upset by the change of lens form. 

For example, a +20 D lens made to the Optical Society’s standard has a 
back vertex power of very nearly +19-87 D. Made to the new standard, 
it would have a back vertex power of +21-25 D if the plane surface were 
placed next to the eye as was obviously intended. Only by placing the 
positive lenses with the curved surface next to the eye could their back 
vertex powers be made to coincide with the marked powers. 

This fact has been appreciated by several manufacturers, whose plano- 
form trial lenses are so engraved that the curved surface would invariably 
be placed next to the eye. Other manufacturers, however, engrave the 
opposite side of the rim with the intention that the plane surface of the 
positives should be placed towards the eye. As shown by Table IV of the 
Report, the discrepancy between the two systems begins to assume signifi- 


cance when the marked power exceeds +10 D. 


Form of Trial Lenses.—The Report just published deals exhaustively 
with the difficult problem of deciding on the ideal form for trial lenses. 

Whatever the basis on which the individual lenses are numbered, it is their 
form and thickness, together with the separation between them and the 
order in which they are placed in the trial frame, that determines the effective 
power of a combination of lenses. In general, the back vertex power of a 
trial lens combination is not the simple sum of the marked powers, and in 
some cases the discrepancy may be significant. A further complication is 
that two lenses or lens combinations having the same back vertex power 
(and, therefore, equally effective for distant vision) may not be equally 
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effective for near vision. This, again, is a matter involving the form and 
thickness of the lenses. 

The Report presents, in graphical form, the results of an extensive analysis 
of the effective powers of various trial lens combinations of different designs, 
both for distant and near vision. In the light of these results the Committee 
feels unable to recommend, as an exclusive standard, any of the existing 
series of trial case fenses because none is clearly superior to all others in 
every respect. 

The Committee took note of two different principles of design which have 
been put forward on earlier occasions, 

One is the principle of “direct substitution” advocated by Swaine (1923). 
The design favoured by this author was based on the proposition that the 
single correcting lens substituted for a trial lens combination would most 
nearly reproduce the same effect if, in addition to a common back vertex 
numbering, there was also a similarity of form and thickness. 

The other principle, that of “additive vertex powers”, is embodied in 
certain trial cases manufactured inthe United States. This basis of design 
has the advantage that the back vertex power of any sphero-cylindrical com- 
bination is given quite accurately by the marked powers of the lenses. Un- 
fortunately, this design is not equally satisfactory from the standpoint of 


effective powers in near vision. 
The Committee points out the possibility of reconciling these hitherto 


conflicting principles of design by inverting the usual order in which the 
lenses are placed in the trial-frame. It is recognized that if the cylinder is 
placed behind the sphere, some means of reading the axis would have to be 
provided, In the expectation that this mechanical difficulty could easily 
be overcome, the Committee recommends manufacturers to consider the 


possibilities of a trial case designed as described in the Report. 


Numbering of Trial Lenses——The Committee recommends that a back 
vertex numbering should be applied to all trial case lenses. Where the form 
of the lens is such that the back vertex power differs from the front vertex or 
neutralizing power, the latter should also be stated. 

The Committee points out that the back vertex power of any combination 


of lenses in a trial frame can be readily ascertained by means of a vertex 


focimeter. Discrepancies of effective power arising from whatever source, 
including a front vertex numbering where this applies to certain existing 


trial sets, can thereby be eliminated. 
Prism Units —The Committee, while noting one theoretical advantage of 


the centrad as the unit of prism power, considers that the prism dioptre is 
so convenient and well-established that it should now be adopted exclusively. 
It further recommends that the use of older units such as degrees of apical 


angle and degrees of deviation should be discontinued. 
One complication which arises with the stronger plano prisms in a trial 
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case is that the deviation is appreciably affected by the angle of incidence. 
In the 1908 standard it was recommended that the minimum deviation be 
taken as the basis of numbering. The Committee considers, however, that, 
for reasons explained, the deviation should be measured when the light is 
incident normally at one surface. Table V of the Report, compiled for the 
convenience of manufacturers, gives details of the apical angles required (for 
glass of the standard refractive index of 1-523) to comply with the basis of 
numbering recommended. It shows, for example, that a prism marked 


[5A (the deviation for light incident or emergent normally) would need 


an apical angle of 15° 32’ and would have a minimum deviation of 14-44. 


Marking of Lenses and Tolerances.—The Report proceeds to formulate 
standards of quality and accuracy, detailing the limits of permissible errors 
in lens and prism powers, axis and base-apex directions, and optical centra- 
tion. In framing these recommendations the Committee took note of 
parallel discussions which were then taking place through the British 
Standards Institution and which have since resulted in the publication of 
British Standard No. 2738: “Spectacle Lenses” (1956), as discussed by 
Cridland (1956). 

It was felt that, in general, tolerances for trial case lenses and prisms 
might justifiably be narrower than those which had been deemed appro- 
priate for lenses supplied to prescription. On the other hand, the Com- 
mittee points out that unreasonably close tolerances would merely add to 


the cost of a trial case without bringing any real benefits in return. 


Laboratory Testing of Lenses.—\t is interesting to recall that the National 
Physical Laboratory actively assisted in the preparation of the 1908 standard 


and has rendered a service to industry ever since in calibrating trial lenses 


submitted for test. At the request of the Laboratory’s representative, the 
Committee considered whether standard conditions should be laid down for 


future tests. 
It was agreed that light of a specified wavelength must be used because 


the power of a lens made from hard crown glass varies by approximately 


2 per cent. over the range of the visible spectrum. The Committee recom- 


mends, in line with current industrial practice, that the wavelength chosen 
should be 5,875-6 Angstrom units, corresponding to the ‘d’ line of the 
helium spectrum. 

A further point considered was whether a standard aperture should be 
fixed for purposes of testing. If the aperture is unduly restricted, the depth 
of focus is increased and the experimental determination of the focal length 
becomes correspondingly uncertain. On the other hand, if the aperture is 
increased, the effects of spherical aberration may become obtrusive. After 


consideration, the Committee came to the conclusion that it would be 


unwise to specify one standard aperture for laboratory testing, and that the 
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National Physical Laboratory should in each case select the aperture calcu- 
lated to result in the most accurate determination of the paraxial power of 
the lens. 


In the concluding sections of the Report, the Committee draws attention 


to two factors affecting the accuracy of vertex focimeter readings. 
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OCULAR SYMPTOMS IN GLANDULAR FEVER * 


BY 
1. M. LIBRACH 


Uford Isolation Hospital 


OxscureE though its ultimate cause may be, awareness of the widespread 
nature of the changes throughout the body prompts one to be on the look- 
out for unusual clinical signs in glandular fever. 

There have been no reports of its ocular manifestations in Great Britain 
since hyperaemia of the discs was first described by Clemens (1907). The 
most authoritative and recent account is that of Tanner (1954), who divides 
the complications into two groups: 


(1) those affecting the neuro-ophthalmic apparatus of the central nervous 
system ; 
(2) those involving the eye and its adnexa. 


Group 1 is perhaps better known and includes extra-ocular muscle 
palsies, ptosis, nystagmus, disturbances of conjugate deviation, hemianopia, 
scotomata, hippus, papilloedema, and optic neuritis. 

Group 2 includes swollen tear-glands, conjunctivitis, eyelid and peri- 
orbital oedema, episcleritis, uveitis, retinal haemorrhages, and oedema (local 
or general). 

Episcleritis has only been noted once before (Zohman and Silverman, 
1942). A further case is reported below, together with another presenting 
with subconjunctival haemorrhage, of which I have been able to find no 


previous example. 


Case Reports 


Case 1, a girl aged 11, was admitted to hospital on October 31, 1955, complaining of a 
sore throat for 5 wks, and swelling of the left eye for 18 hrs. 


Examination.—Temperature 99-2°, pulse 132, respiration 24. 


She looked ill and pale. A large subconjunctival haemorrhage was present in left eye, 
and a membrane was seen on the left tonsil and post-pharyngeal wall. Multiple neck 


glands and the spleen were palpable. 


Laboratory Investigations.—White cell count 20,000, mononuclears 80 per cent. The 
result of the Paul Bunnell test was 1:1280 on admission and 1:160 after absorption. 


Treatment.—Oxytetracycline 1 g. daily was given for 5 days. 


Progress.—The throat cleared in 2 days and the subconjunctival haemorrhage in 10 
days. 
The patient was discharged as recovered on November 11, 1955. 
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Case 2, a girl aged 9, was admitted to hospital on August 14, 1954, complaining of 
irritation of the eyes, sore throat, and dysphagia for 3 days. 





Examination——Temperature 102, pulse 98, respiration 34. 

She looked thin and ill, there was marked conjunctival injection of both eyes and 
redness of the lids, the lips were dry and cracked, the tongue furred, and the hard and 
soft palates and cheeks covered with yellowish exudate. Small glands were palpable in 
the neck and axillae. The spleen was not palpable. The vulva was red and excoriated. 


Laboratory Investigations—Four days after admission the result of the Paul Bunnell 
test was 1:400 (unabsorbed), and a week later 1:128 (unabsorbed). 

White cell count 7,000, polymorphs 50 per cent., lymphocytes 37 per cent., monocytes 
10 per cent. 

Conjunctival swabs showed no growth, but haemolytic streptococci were grown from 
nasal and vulval swabs. 


Treatment.—Benzy] penicillin was given intramuscularly. . 


Progress.—A small, raised, red node developed lateral to the cornea of the left eye 
5 days after admission, but all redness had disappeared in 14 days and she was discharged 
as recovered on August 31, 1956. 


Discussion 

Conjunctivitis is the commonest ocular complication of glandular fever, 
varying up to 40 per cent. in recorded series of cases. It may manifest itself 
as simple suffusion (as in Case 2), as granular follicules, and as fiery redness 
with discrete punctate whitish follicles, or with membrane formation. It 
may precede or succeed the fever, is frequently unilateral, and oftener in the 
left eye (as in both the present cases). Bernstein and Wolff (1950), in a 
review of the literature, found that, of 34 cases reported with central nervous 
involvement, fifteen had ocular complications. Thomsen (1942) found an 
incidence of 9 per cent. in all cases, but 23 per cent. in central nervous system 
cases. 

The pathogenesis of these ocular symptoms is as mysterious as that of 
others more usually associated with the disease. Their variety and nature 
have been compared to those of syphilis, but whereas disability due to the 
latter is measured in months or years, that due to the former is days or 
rarely weeks. Whether this is of significance is debatable. 

The bleeding from various organs which has been described in glandular 
fever is of obscure origin. No obvious demonstrable deficiency of clotting 
or platelets is usual, and whether the capillaries are affected in some way is 
conjectural. It is therefore difficult to account for the subconjunctival 
haemorrhage in the first case. A minor blow or squeeze might conceivably 
have caused it, but no history of either could be obtained. Tuberculosis 
and syphilis are both known to affect the sclera and uveal tracts, the ultimate 
mechanism being disputed, although allergic vasculitis has been a popular 
theory. Whether the sclera behaves similarly in glandular fever remains to 
be proved. 

Symptoms referable to the eyes are pain on rotation of the globes, deep 
orbital pain, photophobia, epiphora, and blurred vision. Whatever their 
cause, the course of these eye complications, as of others, is usually short in 
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glandular fever. There is no evidence of the tissue destruction or permanent 
loss of function which characterizes syphilis and tuberculosis. 

There is, of course, no specific treatment. The antibiotic used in the 
first case did not seem to affect the course of the illness. Its use in the 
second was due to the presence of haemolytic streptococci, which were 
regarded as secondary invaders. It seems unlikely that they could have 
been a bacterial antigen, as in acute rheumatism. 

The self-limiting nature of the disease makes any therapeutic appraisal: 
difficult. Whether there is any place for the local or general use of cortisone, 
as in some other types of kerato-uveitis, is questionable. 

Karpe and Wising (1948) sum the matter up.as follows: 


The unpredictable nature of the symptoms of infectious mononucleosis not seldom 
complicates the diagnosis of this condition, single symptoms so dominating the disease 
picture as to result in a wrong preliminary diagnosis. 


This especially applies to the ocular complications. Once again, the 
performance of routine white cell counts, followed where necessary by a 
Paul Bunnell test, would seem to be the only way to detect these more 
obscure manifestations. 


Summary 


The knowledge available on the ocular and pulmonary complications of 
glandular fever is discussed, and two additional cases are reported. 


I should like to thank Mr. L. Whittaker, A.I.M.L.T., for the laboratory findings, my colleague 
Dr. M. Kehr for his help, and Dr. R. W. Tannahill (Consultant to the N.E. Metropolitan Regional 
Hospital Board) for his encouragement. 

I also acknowledge the help given me with the references by the Librarian, Royal Society of 
Medicine. 
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FORTY-SEVEN CONSECUTIVE CASES OF INTRA-OCULAR 
FOREIGN BODY 


BY 
PHILIP R. STEVENS 
Manchester Royal Eye Hospital 


A CONSIDERABLE literature has accumulated upon the subject of retained 
intra-ocular foreign body, with arguments extolling the virtues of the anterior 
route method of extraction over the posterior route and vice versa. Various 
authors have attempted to formulate precise indications for one or other 
method which in principle have amounted to anterior removal of the smaller 
foreign bodies and posterior removal of the larger. It is not the purpose of 
this paper to add to the argument, but to review a series of cases which have 
been dealt with almost exclusively by the anterior route method using an 
immobile giant magnet, and to discuss the prognosis in the light of the 
experience gained, taking into account such variable factors as size of foreign 
body and depth of penetration. 


MATERIAL 


The series comprises 47 consecutive cases of retained metallic intra-ocular 
foreign body occurring over a period of 20 months, representing 0-104 per cent. of 
all new out-patients and 0-24 per cent. of all new accident cases. The average age 
of the patient injured was 34 years. Clegg (1916), reporting a series of 130 cases 
of retained intra-ocular and intra-orbital foreign body occurring over a period of 
15 years at the same Hospital, found the proportions to be 0-125 per cent. of all 
out-patients and 0-51 per cent. of all accident cases. 


Causes of Injury.—It is significant that so many of the injuries (24 cases, 51 per 
cent.) were caused by one particular type of manoeuvre, that of striking the head 
of a chisel or some other metal tool with a hand hammer, and that a further six 
injuries (12-8 per cent.) were caused by metal chippings flying from a neighbouring 
workman’s hammering (Table I, opposite). Inquiries revealed that in some in- 
stances the patient had been taking a short cut in an engineering job, by 
hammering or chipping off metal parts instead of using a more appropriate and 
time-consuming, although apparently safer, procedure. However, this seemed to 
be accepted as normal practice by all concerned and the dangers not appreciated 
until too late. Twenty men were injured whilst using the hammer in the right 
hand, and fifteen of these suffered injury to the left eye. This preponderance of 
left eye injuries in this type of work supports the observations of Goulden (1908) 
and Parsons (1916) that the posture of the worker striking with the right hand 
places the left eye forwards towards the work, thus rendering it more exposed to 
injury, while the ‘parapet’ of the nasal bridge protects the right eye. However, 
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TABLE I 
CAUSES OF INJURY 


























Cases Eye 
Causes of Injury 
No. | Percent. Right Left 

Hand hammer... | wm | 510 6 18 
Neighbour’s hand hammer zs 6 12:8 2 4 

Total Hammer .. oe 30 63-8 8 
Metal from working ne 7 5 2 
Sledge hammer .. é 1 —- 1 
Wire from air-brush 1 1 — 
Wire cutting 2 1 1 
Airgun pellet . 1 — 1 
Petrol tank roe 1 — 1 
Unclassified 4 z 2 

Grand Total .. se 47 17 (36-2 per cent.) | 30 (63-8 per cent.) 











three of the four left-handed men working with a hand hammer also suffered injury 
to the left eye, which according to the foregoing observations should be less 
exposed to injury. There seems to be no logical explanation for this apparent 
contradiction. 

As may be expected, accidents occurring when less specific tasks were under- 
taken did not result in one eye being more commonly damaged than the other; 
eleven right eyes and twelve left eyes were injured in these miscellaneous operations. 
With the exception of certain of the hammer and chisel accidents the industrial 
injuries in this series occurred in spite of normal personal protective measures and 
in circumstances which for the most part could not be foreseen. 

Roper-Hall (1954) noted a swing from right to left preponderance of injuries as 
the foreign body increased in size. In this series the foreign bodies under 2 c.mm. 
show a preponderance of 2:1 left-eye injuries, and for larger foreign bodies the 
preponderance is reduced to 3:2, a trend in the opposite direction. These figures 
exclude the three injuries caused by wire fragments. 


Time of Attendance.—Thirty-one cases (68 per cent.) attended within 5 hours of 
injury, four (8-5 per cent.) during the day following the injury, and five (10-6 per 
cent.) within 8 days. The remainder attended after considerably longer intervals. 
Most of the sixteen patients who had delayed had been aware of an eye injury but 
had ignored it as trivial until the onset of symptoms. None of the late-comers 
complained of pain, only that the eye was ‘red’ or ‘sore’ or that vision was 
deteriorating. One man was found to have a hitherto unsuspected retained intra- 
ocular foreign body at his attendance for an unrelated eye condition. Contrast 
with these the distress caused by a superficial corneal or sub-tarsal foreign body 
which sends the patient hurrying to the casualty department. 

Irritation of the tissues by the foreign body was infrequently seen as the 
majority of patients attended within 5 hours of injury and had the foreign body 
extracted within 24 hours. 

Of six patients who attended within 8 days complaining of a ‘sore’ or ‘red’ eye, 














PHILIP R. STEVENS 





624 


five had a metallic foreign body embedded in the iris surrounded by exudate with 
a mild localized iritis, and one had a small scleral entry wound with the foreign 
substance retained in the ciliary body. 

Five patients complained of deteriorating vision and were found to have 
cataracts in various stages of development; the delay in these cases averaged 
10 days. 

Four other patients attended with deterioration of vision as the main complaint, 
two of whom had an established endophthalmitis. 

Siderosis was seen only once, having occurred after a foreign body had been 
retained for 2 months; it was found to be resting in the middle of a chorio-retinal 
scar and the iris surface was stippled with pigment as well as the retina surrounding 
the metal, which was subsequently removed through a posterior scleral incision. 
The patient made an uneventful recovery and achieved 6/9 vision. 

The last patient in this group of late-attenders had a chronic uveitis without 
evidence of siderosis. From the history the foreign body had probably been 
present in the globe for 6} years after a petrol tank explosion, and had only been 
giving rise to symptoms for 3 months before his first attendance. The foreign body 
was found adjacent to the ora serrata with a surrounding area of chorio-retinal 
scarring. The cyclitis resolved within 14 days of the removal of the foreign body. 
The explanation of this late onset of symptoms may be that the foreign body had 
migrated from the site at which it originally came to rest, and that a destructive 
irritation commenced when its capsule of fibrous tissue broke down. 

What were the effects of delay in attendance upon the ultimate prognosis? 
Obviously the siderosis would not have developed had the patient attended sooner. 
The foreign bodies embedded in the iris and which had been present for up to 
8 days, although surrounded by exudate were not firmly fixed and gave no diffi- 
culty at operation; they were easily dislodged by the hand magnet and there was 
no need to perform an iridectomy. The question of infection is important when 
considering the effects of delay in removing the foreign body. Before the days of 
antibiotics speed of extraction was essential as I believe it still is. Admittedly 
antibiotics can be used as a prophylaxis against infection, but as will be seen later 
this is not always successful and intra-ocular infection, once established, is hard 
to control and retain useful vision in the eye. 


TREATMENT 


Magnetic Response.—All but seven of the retained intra-ocular foreign 
bodies (14-9 per cent.) were able to be magnetized. The non-magnetic 
foreign bodies are described in Table II (opposite). 

The copper wire foreign bodies (Cases 18 and 26) were both small lengths 
which struck the patient as he was trimming off larger coils. Neither pene- 
trated further than the cornea, but they came to rest in the anterior chamber 
from which they were removed with difficulty. The first was grasped by 
non-toothed forceps and withdrawn from the globe through a keratome 
section. The second was similarly withdrawn through the enlarged entry 
wound. ; 

The minute foreign body (Case 24) had prolapsed into the anterior 
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TABLE Il 
NON-MAGNETIC FOREIGN BODIES 








Case No. Type of Foreign Body Size (c.mm.) oat a. 
18 Copper wire 24 mm. long 6/6 
24 Small metal particle 0-25 6/9 
26 Copper wire 5 mm. long 6/6 
31 Brass chipping 21 Enucleation 
37 Unrecovered 1 6/5 
40 Unrecovered 1 6/6 
47 Airgun pellet 250 Enucleation 














chamber and came to lie on the surface of the iris near the pupil when 
attempts were made to remove it from the deeper layers of the cornea. It 
showed no magnetic response. The patient was not disturbed from the 
operating table lest the foreign body be dislodged and fall into the angle of 
the anterior chamber. A small keratome incision was made at the limbus, 
care being taken not to lose any aqueous, and the tip of an evacuation 
curette was gently inserted towards the foreign body which was washed out 
of the anterior chamber with the rush of aqueous and into the groove of 
the instrument. 

The two foreign bodies which showed no magnetic response after three 
magnet trials of 10-15 minutes each and which were not removed from the 
eye (Cases 37 and 40), had both been in situ for some time before the patient 
attended. The first was the result of an injury 24 years previously, the 
patient had 6/5 vision and there was no evidence of siderosis or other de- 
generative change. The eye showed a small atrophic iris scar with an under- 
lying localized stationary lens opacity which were discovered at routine 
examination. X-ray examination confirmed the presence of an unsuspected 
intra-ocular foreign body. The other patient had had the foreign body in 
the eye for 78 days, and again the eye had good vision and showéd no signs 
of degenerative change. Both particles measured less than | c.mm. radio- 
logically and it was decided to leave them undisturbed. So far, after a 
follow-up of 4 months, each eye has remained quiet and without change. 


Enucleation.—The excision rate for this series is 12-8 per cent. (six cases: 
4 magnetic and 2 non-magnetic). The size of the foreign body concerned 
averaged 90 c.mm. Three of these eyes were lost because of infection; one 
because of an intractable cyclitis; and two because of irreparable damage 
to the eye by foreign bodies of approximately 250 c.mm. each. 


Intra-Ocular Infection.—Four cases (8-5 per cent.) suffered intra-ocular 
infection, two pre-operatively and two post-operatively, and all but one lost 
the eye. This patient (Case 22) attended with an endophthalmitis 5 days 
after injury, having been struck in the left eye whilst cleaning the inside of a 
boiler with an air-brush. A black spot was noted flush with the sclera 
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12 mm. from the limbus in the 10 o’clock meridian, and to this the pole piece 
of the magnet was applied. A piece of wire 20 mm. long was withdrawn 
through the sclera from the vitreous, Intensive chemotherapy was instituted 
and the infection cleared, but this was the only patient in the series in whom 
intra-ocular infection once established could be controlled and the eye 
retained. Vision 6 months after the injury was 6/24; at that time some 
vitreous opacities were present, but the patient has not attended for further 
follow-up examination and it is not known whether there is any further 
improvement. As a routine all cases were treated with a course of sulpha- 
mezathine and intramuscular penicillin for 5 days post-operatively, and anti- 
tetanus toxin was given. Both the cases of post-operative infection occurred 
after the routine antibiotics had been discontinued, and once established 
the infection proved to be uncontrollable. 


Operation.—In accord with other surgeons at this hospital (Clegg, 1916; 
Duthie, 1941), the anterior route is preferred to the posterior route in extract- 
ing retained intra-ocular foreign bodies; it was used in all but three cases. 
It has been argued that the anterior route method of extraction is suitable only 
for small foreign bodies, Stallard (1950) suggesting 3 mm. as the critical 
dimension. However, experience in this series has shown that the larger 
foreign bodies are also readily accessible by the anterior route. Those larger 
particles that are rectangular in shape present end-on to the magnet (Duke- 
Elder, 1954) and slide easily forwards without increase in damage to the 
intra-ocular tissues. The irregularly-shaped foreign bodies cause large entry 
wounds and extensive damage to the unresisting intra-ocular tissues. These 
wounds require surgical repair and it is felt to be better surgical practice 
to withdraw the foreign body along its track of entry and out through the 
entry wound rather than create a second track towards a second incisional 
wound in the globe, thus adding to the trauma and increasing the risk 
of complications. When the foreign body is embedded in the retina at 
an accessible site it is then proper to make a scleral incision through an area 
of diathermy directly over the metal and to withdraw it posteriorly. This 
was done in two cases, in which foreign bodies were, so to speak, sitting 


targets situated in an area of retinal disturbance. 
Complications—These are listed in Table III (opposite). Patients who 


were found to have gaping entry wounds with prolapsed uveal tissue were 
treated as acute emergencies and were operated upon immediately, pausing 
only for x-ray examination. It has been suggested that prolapse of uveal 
tissue through a penetrating wound can be taken to exclude the presence of 
a retained foreign body. Four patients with large iris prolapse had retained 
metallic foreign bodies, this was 5-5 per cent. of all patients with pene- 
trating wounds and uveal prolapse treated during the period covered by this 
series. Removal of the foreign body anteriorly through the entry wound 
was followed by surgical repair of the wound. 
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Ce TABLE It 

vn COMPLICATIONS 

ed Be i ; 

a Complication Pre-operative Post-operative 

) \ 

ye Infection .. om oe Ae ma <4 2 2 
Hyphaema i re nf es oi 10 2 

ne Vitreous haemorrhage .. a a adi 4 2 (organized) 

er Lensdamage «5 ts te te 17 ~ 
Iris damage Bett pipe gigexe ale 8 — 

er Siderosis . . = 1 oe 

a- Retinal detachment 0 2 

: Chorio-retinal scarring . . pas 8 

u- Cee ay as ae ne 2 

od 

od Patients with small entry wounds were carefully examined under full 


mydriasis, and unless the foreign body could be seen within the globe they 
were x-rayed and the foreign body accurately localized by Sweet’s improved 
method as described by Reid (1951) in order to plan the direction of magnetic 
pull required to draw the foreign body through the circumlental space 


ly (Fig. 1). 














Fic. 1.—Sweet’s improved method of x-ray localization of intra-ocular foreign body. 
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Care was taken to dilate the pupil fully in order to facilitate the passage 
of the foreign body forwards into the anterior chamber and to avoid its 


becoming entangled in the iris. By this method it was unnecessary to 
perform an iridectomy. The keratome section was always made at the 
temporal side in order to take advantage of the wide approach to the globe 
in which to manoeuvre the hand magnet. 


POSITION, SIZE, AND DEPTH OF PENETRATION OF FOREIGN BODIES, AND 


EFFECTS ON PROGNOSIS 


Position. The distribution of the foreign bodies was anterior segment 
21-3 per cent., lens 14-9 per cent., and posterior segment 63°8 per cent. The 
site at which the foreign body comes to rest depends upon size, velocity, and 
point of entry. Those penetrating no further than the iris or lens were all 
small, averaging no more than 2 c.mm. in size, whereas the larger foreign 


bodies‘ penetrated more deeply. 


300 @*|  Size—The size of 
the foreign body is an 
important factor in 

100 prognosis and obvi- 

ously the larger the 

foreign body the more 
severe the damage to 
the globe and its con- 
tents bothon entry and 
° od removal (Fig. 2). For 
the purpose of investi- 
gating the effect of size 
upon prognosis, it was 
decided to treat the 
volume of the foreign 

Pook body as the critical 

factor as suggested by 

issooee geese tad Roper-Hall (1954), 

rather than the mea- 

oS . 6/6 = 69 : 6/12 ne 624 6/36 6/60 ; <6j60 ENUC SUrement of two. 
VISUAL RESULT dimensions or themax- 

Fic. 2.—Relation of size of the foreign body to prognosis. imum diameter (Table 

IV, opposite). Nineteen cases in which the foreign body was less than | c.mm. 

in size achieved 6/9 vision or better, and a further three foreign bodies under 

1 c.mm. were responsible for injury to the lens (13:6 per cent.). The incidence 

of lens damage for foreign bodies over 1 c.mm. in size was 37-5 per cent. 
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INTRA-OCULAR FOREIGN BODY 
TABLE IV 


FOLLOW-UP AND RESULT ACCORDING TO SIZE* 












































Size of Foreign Body No. of Length of Follow-up Visual Result 
(c.mm.) mths) 
1 or less 5 3 6/9 and better 
3 9 3-6 6/9 and better 
5 6-18 6/9 and better 
3 5-18 Cataract 
1 to 24 mm. long 3 5-14 6/9 and better 
] 9 Cataract 
4 2 | 2 6/9 each 
44 1 6 Cataract 
64 bee 15 | w/a 
6 ] ] ] 12 ] Cataract 
3 1 Ss \ Detachment 
9 bade Se 16 | 6/60 
{0 and larger | : | a | 6/18, Oat 
raci 





* Not included in this Table are the 3 wire foreign bodies or six cases in which the eye was enucleated 


Depth of Penetration 


(1) Corneal penetration only.—Three foreign bodies penetrated the cornea 
only and came to rest in the anterior chamber without penetrating further. 
They were each non-magnetizable and consisted of two small lengths of 
copper wire measuring 2} mm. and 5 mm. in length and approximately 
0-5 mm. in diameter, and one very small non-magnetic particle of less than 
0-25c.mm. The methods of extraction have already been described. None 
of the patients attended for longer than 3 months for follow-up, but their 
vision at the end of that period was good, two achieving 6/6 and one 6/9. 


In view of the simple nature of the injuries it is improbable that vision would 
deteriorate as a result of the original injury. 


(2) Corneal penetration with retention of the foreign body in the substance 
of the iris.—Seven foreign bodies penetrated the cornea and became em- 


bedded in the iris. Six were less than | c.mm. in size and were extracted 
anteriorly through limba] sections by means of the hand magnet. The larger 
foreign body was 2-5 c.mm. in size, and it was found to be more convenient 
to remove it through the corneal entry wound. As might be expected the 
visual results were universally good: four were followed-up for over a year 
and maintained 6/6 vision; one patient failed to attend again after 3 months 
but had a visual result of 6/5; and two patients watched for less than 3 months 
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to date had a visual result of 6/9 and 6/5. There seems no reason to 
suppose that, a good post-operative result having been attained, there should 
be any deterioration of vision in any of the three patients followed-up for 
the shorter periods. 


(3) Injury to the lens.—Seventeen patients suffered damage to the lens as 
a result of the injury and for the purposes of description have been divided 
into two groups, those with intra-lental foreign bodies, and those in whom 
the foreign body passed through the lens. The foreign body had entered 
the lens through the pupil in five cases and through the iris in twelve cases. 


(a) Seven patients had intra-lental foreign bodies (Table V).—Only one of these 
achieved good vision with a stationary localized cataract in the periphery of the 
lens; this patient (Case 34) had a small slender spicule of metal less than 1 c.mm. 
in size which it was found possible to draw end-on through the capsule making 
only a small exit wound which rapidly healed, and vision in this eye at the end of 
7 months was 6/12 corrected to 6/5. Three patients progressed to mature cataracts 
after removal of the foreign body and in one of these there is no doubt that the 
extraction further increased what had been only a localized cataract. Of three 
patients who became aphakic, two had corrected vision of 6/12 and 6/9 and no 
deterioration over a follow-up period of 14 and 9 months respectively, while the 
third (Case 16) had corrected vision of 6/12 up to 4 months after the injury, 
followed by progressive visual loss due to the formation of Elschnig’s pearls over 
the pupil. 

Table V shows that the size of the foreign body is not so important to the 
immediate prognosis for the lens as its shape, for all except the one good visual 
result (Case 34) had irregularly-shaped foreign bodies which tore a large hole in 
the capsule and caused further damage on removal (Case 7). ° 








TABLE V 
FOREIGN BODIES RETAINED IN LENS 
Size of 
: : . Length of 
Foreign Visual Acuity 4 
Case No. Eye Body (post-operative) — ” Remarks 
(c.mm.) | 
7 R 1 j 6/12 14 Divergent, aphakic eye 
19 L 1 Perception of light 12 Cataract 
34 R 1 6/5 7 Localized cataract 
38 L 1 Perception of light 4 Cataract 
28 L 2 6/9 9 Aphakia 
1 L 6 Perception of light 14 Cataract 
16 L 9 6/60 16 Aphakia, Elschnig’s pearls 




















(b) In ten patients the lens was involved without retention of the foreign body within 
its substance—Whether a foreign body passes through the lens or is retained, de- 
pends not only upon its size and velocity but also upon the site of entry into the 
lens. Those particles which passed through the lens did so at its thinner periphery, 
and this occurred with six foreign bodies under 2 c.mm. in size. Three of them 
resulted in stationary peripheral opacities and vision maintained at 6/6, the other 




















uld 
for 


; as 
Jed 
om 
red 
es. 

lese 
the 
1m. 
ing 
| of 
icts 
the 
ree 


the 
Iry, 
ver 


the 
ual 


hin 
le- 
he 
ry, 











INTRA-OCULAR FOREIGN BODY 631 


three caused the lens to become totally opaque. Four foreign bodies larger than 
6 c.mm. caused extensive capsular tears with subsequent absorption of the lens. 

Thus from the point of view of visual result, of the seventeen cases of lens 
involvement, only four patients achieved vision of 6/6 with stationary 
opacities. The remainder either developed complete opacification (six cases) 
or became aphakic (seven cases). The latter group ail had a prolonged 
convalescence through the flocculating lens cortex herniating into the 
anterior chamber and causing some degree of non-infective post-traumatic 
uveitis which resolved as the cortex absorbed. 


(4) Penetration to the vitreous without lens damage.—Eighteen foreign 
bodies entered the vitreous either through the iris and zonule (nine cases) or 
through the sclera (nine cases). A higher proportion of these achieved good 
vision of 6/9 or better (50 per cent.) than those in which the lens was damaged 
during the passage of the foreign body into the posterior segment (30 per 
cent.). Only ten (19-1 per cent.) of this series of 47 patients suffered pene- 
tration of the sclera. The better anatomical protection afforded to the globe 
behind the cornea accounts for the infrequency of the sclera as a route of 
entry, and none of the foreign bodies penetrated further back than the 
equator. Chorio-retinal scarring was subsequently noted in eight cases 
indicating the site of ricochet at the posterior pole. The average size of the 
foreign body concerned in deep penetration was 6-3 c.mm. (ranging from 
21 to 0:75 c.mm.). In contrast, the foreign bodies penetrating no further 
than the iris and lens averaged 2 c.mm. in size. Two foreign bodies approxi- 
mately 250 c.mm. disorganized the eyes at entry to such an extent that each 
had to be removed with the metal pieces still in situ. 


COMMENT 


I have mentioned magnet trials in the section concerning the non-magnetic 
foreign bodies, a point which needs amplification. These trials were to prove 
the magnetizability of a known retained metal foreign body already accu- 
rately localized, the magnetic pull being directed along the proposed track 
of extraction. The trials were not made to prove the presence of a foreign 
body, a procedure for which I can find no justification. A blind magnet 
trial made by searching the globe systematically with a magnet, until either 
the foreign body comes haphazardly forward or the patient feels pain as the 
foreign body drags across some sensitive intra-ocular structure, is a pro- 
cedure bound to increase intra-ocular damage and so worsen the prognosis. 

A disadvantage of the anterior route method of extraction is the depen- 
dence upon the ability of the patient to co-operate fully. Having planned 
the route of extraction through the circumlental space, it is important, if the 
giant magnet is to be used, that the patient should be able to gaze steadily 
in the required directions while the magnet is applied to the eye. For this 
reason, a ciliary ganglion block is of no help until after the foreign body has 
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come forward into the anterior chamber, because it induces partial third 
nerve paresis which destroys the patient’s ability to co-operate. Adequate 
surface anaesthesia is essential and is often of assistance to induce akinesia 
of the orbicularis muscle. The hand magnet, being more manoeuvrable, is 
less dependent upon the cooperation of the patient, but is not usually strong 
enough to draw the foreign body forwards and particularly to extract it 
from the lens as it is essentially a contact instrument. 

Other materials may be carried into the eye with the foreign body and in 
this series two cases were so complicated. One patient was found to have 
a fine cilia lying across the anterior chamber after the removal of a foreign 
body 6 c.mm. in size which had carried it into the eye. The tip of one end 
of the lash was incarcerated in the corneal entry wound. The convalescence 
was uneventful, and 18 months later the lash was still in situ and the eye 
showed no signs of irritation. A smaller foreign body 1 c.mm. in size 
carried air into the vitreous where it was visible as several discrete bubbles 
adjacent to the metal particle. 


SUMMARY 


(1) A personal series of 47 consecutive retained metal intra-ocular foreign 
bodies is reviewed. 


(2) Foreign bodies which did not penetrate as far as the vitreous and 
did not damage the lens resulted in visiual acuity of 6/9 or better. 


(3) Damage to the lens is critical and adversely affects the ultimate 
prognosis. 

(4) Small intra-ocular foreign bodies under 4 c.mm. in size retained in the 
vitreous are readily accessible by anterior route extraction through the 
circumlental space. 


(5) It is considered that larger foreign bodies should be withdrawn along 
the track of entry. 


(6) Aspects of aetiology, treatment, and prognosis are discussed. 


My thanks are due to Mr. P. L. Blaxter for his advice and encouragement in the preparation 
of this paper and to the Consultant Staff of Manchester Royal Eye Hospital for permission to 
publish this review of cases admitted to the hospital under their care. I am indebted to the 
Department of Medical Illustration, Manchester Royal Infirmary, for the two figures, and to 
Messrs. H. K. Lewis for permission to reproduce as a composite figure the photographs of 
Sweet’s method of x-ray localization (Reid, 1951). 
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AMBLYOPIA * 


A COMPARISON BETWEEN DISTANCE AND NEAR VISION 
BY 
G. V. CATFORD 


Weston-super-Mare 


AN ANALYsIs has been made of fifty consecutive cases of amblyopia in young 
men presenting themselves as candidates for admission to the Royal Air 
Force. These subjects were all of National Service age and from various back- 
grounds. Some had been aware of eye weakness from early childhood but had 
not responded to treatment (glasses and/or occlusion); others had not been 
treated at all, or their disability had been discovered at routine school medical 
examinations at 10 or 15 years of age, and had not improved on refraction. 

The purpose of this analysis was to assess whether any relationship exists 
between distance and near visual acuity using the distance Snellen type at 
20 feet and the reduced Snellen type for near. On the R.A.F. near point 
rule (Neely, 1956) the distance Snellen type is reduced to one seventeenth of 
its size and is accurate at one-third of a metre. 

These findings are of practical importance in estimating the value of one- 
eyed personnel to the armed forces, when there is the risk of injury to the 
good eye and a man’s life may depend on the acuity derived from the 
amblyopic eye. At the same time information is gained as to a man’s ocular 
fitness for a specific trade. 

An arbitrary standard of reasonable near vision has been made of N 6/24 
or better, which is approximately equivalent to N12 or better. This 
standard ensures that the subject would be capable of reading average type 
(i.e. a typewritten sheet). 

The type of refractive error was noted and also the side on which the 
amblyopic eye occurred; no significant predisposition was found in this 
series, except that myopic cases would appear to be twice as commonly 
affected with amblyopia in the right than in the left eye, and that hyper- 
metropic amblyopia is five times more common than any other type (Table). 


TABLE 








No. of Range of Refractive Error (dioptres) 
Type of Refractive Error Cases 




















Sphere Cylinder 
Hypermetropia_... i, oe on 35 +0-25 to +8-0 +0-25 to +4-0 
WR ao ee 7 -0:5 to -10-0 | -0:5 to -2°5 
Mixed Astigmatism ws swe 7 +10to -15 | +3-5to -60 
EON 546 wank vane a 1 0 | 0 
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There was no specific improvement of vision whether the refractive error 
was large or small. 

In the comparison of distance and near acuity, corrected vision was used, 
the worst corrected vision being 6/60. 

In Fig. 1 corrected distance vision is compared with corrected near vision. 
The percentages of cases with equal distance and near vision are seen on 
the diagonal lines; to the left of the diagonal lines are those with worse near 
than distance and to the right those with better near than distance. 


RIGHT (25) LEFT (25) TOTAL (50) 


Hypermetropia (16) Hypermetropia (19) 
Near Near 


© Yo Ma%,% aX 


Myopia (5) Myopia (2) 
Near Near 
€ %o%o%e < %o%o%e 

6/60 
g 6/36 
$ 6/24 
Oo 68 

6/12 


Mixed Astigmatism (4) Mixed Astigmatism (3) 
Near’ Near 
6 6 
& %oM%abe%a%e%%% — < o%obhn%a% 

6/60 

gy 6/36 

c 

S 6/24 

O'ei8 
6/12 


Emmetropia (1) 
Near 


< 


6/60 
& 6/36 Fic. 1.—Percentage compari- 
B 6/24 son between near and 
a) distance vision (corrected) 

6/18 of fifty amblyopic eyes. 
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The findings in Fig. 1 are shown diagrammatically in Fig. 2. Fig. 3 shows 
that 54 per cent. (27 of the fifty cases) had reasonable near vision within the 


arbitrary standard set. 
Reasonable near vision 


@ Hypermetropic 70 
@ Myopic 14 yA 
& Mixed astigmatic 14 
O Emmetropic 2 


tO 
Oo 
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Equal Better 
near and near than 
distance distance 


PERCENTAGE 
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Bm OLE al 
RIGHT LEFT |RIGHT LEFT RIGHT LEFT TOTAL 
Fic. 2.—Comparison of near and distance vision Fig. 3.—Reasonable near vision. 
(corrected) of amblyopic eye. 
More cases of myopic amblyopia had reasonable near vision than did 
those with other types of amblyopia where the ratio was more nearly equal. 
Just over half the cases applying for engagement in the armed forces have 
reasonable near vision in the amblyopic eye. They may be trained for 
certain trades with the knowledge that they are able to carry out the required 
work with the amblyopic eye, where previously they might have been rejected. 











Summary 


A comparison has been made of distance and near vision in the amblyopic 
eyes of fifty applicants for the R.A.F. The R.A.F. near point rule was used 
for assessing near vision; 54 per cent. were found to have near vision equiva- 
lent to N 12 or better. 


I wish to thank the Director-General of Medical Services, R.A.F., for permission to publish 
this paper, and to acknowledge the help of Air Vice-Marshal J. C. Neely, Consultant in Ophthal- 
mology, R.A.F., and Squadron Officer E. Gwilt in its preparation. 
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APPLIANCE 


THE R.A.F. NEAR-POINT RULE * 


BY 
AIR VICE-MARSHAL J. C. NEELY 


IT HAS been stated that 66 per cent. of all cases of uniocular visual loss in 
young adult men is due to amblyopia (Duke-Elder, 1949). 

Under the present conditions of National Service, many men with amblyo- 
pic eyes are called up each year. 

In the ordinary routine of civilian life, the risk of ocular inefficiency is 
small, but under service conditions, particularly those encountered overseas, 
the recruit with an amblyopic eye often presents an embarrassing problem to 
the unit medical officer. 

In the desert war of the 1940s a number of men reported sick complaining 
of deterioration of vision. In many cases their medical documents were not 
available, and, confronted with the story that the glare of the sun had 
“ruined their eyesight” and finding ’that the visual acuity in one eye was 
indeed poor, the medical officer would send these men back to the base with 
a diagnosis of “eclipse” blindness, optic neuritis, or merely defective visual 
acuity. 

Often these cases proved to be nothing more serious than amblyopia ex- 
anopsia. Nevertheless they constituted a charge on public funds, and in 
consequence an endeavour is now being made to provide enough information 
for the suitable employment of men with amblyopia should they sustain an 
injury to or an infection in their better eye. 

Regarding technicians and office workers there appeared to be two ques- 
tions which called for an answer. First, in the case of amblyopia, what 
correlation, if any, exists between the visual acuity for distance and that 
needed for reading. Secondly, how can the ability to carry out routine 
clerical duties be measured and recorded. 

The R.A.F. near-point rule has been devised, not only to provide the 
answer to these questions but also to carry out the routine measurement of 
convergence power, and uniocular and binocular accommodation. 

The instrument is made of metal and plastic; it is 50 cm. long and is 
marked on the top in centimetres, and on the two sides in dioptres and the 
corresponding age groups (Figure). 

On a metal slide is carried a quadrilateral which can be rotated to present 
on each of its four washable white plastic faces the following optical tests: 


(a) Reduced Snellen test type which subtends the same angle at the eye at 35 cm. 


_as the test type subtends at 6 metres. 
(b) “Times Roman” type face recommended by the Faculty of Ophthalmolog- 


ists (Law, 1951) presented in four lines: N.5, N.8, N.10, and N.12. 





* Received for publication June 27, 1956 
636 





THE R.A.F. NEAR-POINT RULE 637 


(c) Photographic reproduction of a section of the G.P.O. Telephone Directory. 
(d) Vertical line and central dot for convergence fixation. 


The new rule was made 50 cm. in length for two reasons: 


(1) Many presbyopes with an indifferent power of convergence prefer to read 
at a distance of some 40 cm. 

(2) The angle of 25° from the eye can be easily determined, by a point at the 
end of a rule 23-3 cm. long (tan 25° x 50) held at right angles to the end 


of the rod. 


FIGURE.—Two views of the near- 
point rule, showing test cards. 


This has been found a useful angle for the measurement of the ocular 
muscle defects most marked in the oblique positions of gaze. 

An inyesiigation was undertaken at the R.A.F. Central Medical Establish- 
ment to assess the degree of visual inefficiency resulting from amblyopia. 
The results are given in the previous paper in this issue (Catford, 1956). 
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CORRESPONDENCE 
FILMS OR PAPERS 


To the Editorial Committee of the BriTIsH JOURNAL OF OPHTHALMOLOGY 


Sirs—A continental ophthalmic surgeon of world-wide repute was heard to say, while 
crossing the Atlantic to attend the XVII International Congress, that in his opinion the 
modern cinema film was the best form of communication to a polyglot audience. There 
was little doubt that it was the most popular, because at the Congress, in the room set 
apart for projection of films there was seldom an empty seat, whereas in the other rooms 
where papers were being read, attendance was as a rule noticeably sparse. 

Memories are short however. Although one may come away from the film show with 
a clear idea of how to perform whatever surgical procedures have been shown, the idea 
is considerably less clear, when some months Iater the occasion arises to put the pro- 
cedures into practice. 

Our own Transactions print only a list of films shown with the names of exhibitors. 
The same is true of the international Acta, though those who were fortunate enough to 
attend the Congress obtained in their programme, short abstracts of the films. _ These 
were an improvement on having just a list, but how much better it would be, if it were 
possible to publish an illustrated account of the operation, such as the author would 
have given had he been describing it in a paper. uM 

Although a film may take only a short time to show, it is probable that the exhibitor 
has expended much time, thought, and money over its production and he should be 
rewarded with something more than a mere mention of his name and the title of his film. 

As things are at present, the showing of a film precludes the exhibitor from giving a 
printed description of it, which is why this | letter i IS headed “‘films or papers”. One would 
prefer to be able to substitute “and” ‘or’, which would be fairer to the exhibitor 
and more informative to those who as s memnbers of the Congress. 

Yours faithfully, 
F. A. WILLIAMSON- NOBLE 
27 HARLEY STREET, 


Lonpon, W.1. 
16 August, 1956. 


BOOK REVIEWS 


Cataract Surgery. \ts Evolution and Practice. By N. K. Bidyadhar, 1955. Pp. 324, 
33 figs, bibl. Orissa, India. (30s.). 
As the author states in the title of this book, it is concerned not only with the practice 


of cataract surgery, but also with its evolution. 

He claims that cataract surgery was performed in India as early as 4,500 B.c. The 
great man of this age was Susruta, who advocated aseptic and antiseptic methods and 
produced anaesthesia in his patients by inhalation of a substance called Sammohini 


before performing the operation of couching in the old and needling in the young. It is 
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to be remembered, however, that many authorities place Susruta about the 3rd century 


A.D. 

In all, four chapters are devoted to the history of cataract surgery, tracing its 
development from early beginnings to modern times. The succeeding chapters deal with 
pre- and post-operative rituals, extra- and intra-capsular operation, and surgery of the 
dislocated lens and of the different varieties of cataract. The book closes with a chapter 
on Clinical examination of the eye. 


The author has obviously been to considerable pains in his writing. In addition to 
describing his own methods and technique in detail he gives those of others and inter- 


sperses them with short historical notes, mentioning many times the name of Susruta. 


There are however some notable omissions. To quote three, no mention is made of 
cortisone in the treatment of sympathetic ophthalmitis, of the possibility of retinal detach- 
ment following the needling of juvenile cataracts, or of the performance of a corneal 
graft as a prelude to extraction of a cataract from a patient with dense corneal opacities. 

Misprints are almost inevitable in a first edition and the majority occurring in this book 
are unimportant. On p. 86, however, Agarwal is quoted as recommending phenobarbi- 
tone 1 ‘‘gram”’ to induce sedation on the night preceding operation. 

The illustrations are not all that could be desired. Many of them are reproduced 
from rough sketches, reminiscent of what one sees in some antique descriptions of the 
eye, while others are from photographs which fail to show what they are meant to demon- 


strate. These remarks are not made in any carping spirit, but in the hope that when a 
second edition of “‘Cataract Surgery” is called for, these illustrations will be improved. 


Aberrations of Thin Lenses. By H. H. Emsley. 1956. Pp. 352, 94 figs. Constable, 
London. (50s.) 

The author was for many years head of the most important centre of optical teaching 

in Great Britain and is well-known for his writings on ophthalmic subjects. Two of his 


previous books, Ophthalmic Lenses and the two-volume Visual Optics; have long been 


recognized as standard works. The present volume is another example of clear concise 
writing, and shows the hand of the long-experienced teacher. 

One purpose of the book is to attempt to close the gap that has always existed between 
the more elementary books on optics and the advanced treatises on optical design. The 
gap in optical literature has long been a hardship to anyone who wished to become 
acquainted with the admittedly difficult subject of the design of lenses, The book should 
also prove of value to those who are concerned with the rapidly increasing use of optical 
methods and instruments in various industries. 

Any book on such a subject must naturally appear at first glance to be of a highly 
mathematical nature, but, as stated in the preface, only a knowledge of mathematics of 
about matriculation standard is required. The clear and logical way in which the various 
Steps are developed from first principles, the numerous worked examples in the text, and 


the questions set at the end of most of the chapters should enable the reader who studies 


the book carefully to undertake the design of optical systems and instruments, providing, 
these are confined to thin lenses and only the primary aberrations need be corrected. 
This is all that is required in many cases, particularly when the system or instrument is 
of an experimental nature. 

Particular emphasis has been given to the design of the spectacle lens, to which two 
complete chapters are devoted. This aspect of the book wil) be of particular interest to 
the ophthalmologist. Jt may surprise many concerned with the prescribing of spectacle 
lenses to see the large amount of calculation involved in the design for the best form of 


such apparently simple lenses. 
In designing such lenses, if the thickness is to be kept to a minimum and for practical 
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manufacturing reasons one type of glass only, spectacle crown, is to be used, variation of 
form or “*bending” the lens is the only variable at the designer’s disposal. Thus only 
one aberration can be fully corrected and that for one object position, and a compromise 
must be decided upon between the various aberrations that affect the image in a particular 
case. What this compromise should be has been the subject of considerable controversy 
and here the question is fully discussed. The author shows that correction for oblique 
astigmatism for a distant object is the most important. Most best-form spectacle lenses 
produced in Great Britain are designed on this principle. 

The two chapters on spectacle lenses form the most complete and up-to-date account 
of the subject now available in book form, most of the published work on the subject 
being in the form of scattered papers. These chapters could be studied with advantage 
by all concerned with the prescribing and dispensing of aids to vision. 

The fina) chapter, on the distribution of light in optical instruments, contains much 
information of value in considering ophthalmic instruments, test charts, ophthalmo- 
scopes, etc. , 

The book has been well produced and is illustrated with clearly-drawn diagrams. 


Books RECEIVED 
The following book has been received and will be reviewed in Ophthalmic Literature, 
December, 1956. 


Ocular Myiasis (Myiasis des Auges). By H. Kriimmel and A. Brauns. 1956. Pp. 66, 16 
figs, bibl. Dunker and Humblot, Berlin. (D.M. 16; 28s.). 


NOTES 
OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 


The Annual Congress will be held at the Royal Society of Medicine, 1 Wimpole Street, 
W.1., on April 11-13, 1957. 

The Presidential Address will be delivered by Mr. J. J. Healy on ‘‘ The Intra-Ocular 
Circulation in Arterio-Sclerosis and High Blood Pressure’’. 

A discussion on ‘‘Ocular Aspects of Diabetes’’ will be opened by Professor G. I. 
Scott, Dr. Norman Ashton, and Dr. J. D. N. Nabarro. There will also be a short 
symposium on ‘‘ Congenital Cataract ”’. 

The Bowman Lecture will be delivered by Sir Stewart Duke-Elder on ‘‘ The Aetiology 
of Glaucoma ’’. 

Members wishing to read a short paper, to give a short pictorial demonstration, or to 
show a film, are asked to send the title, together with an abstract, to Mr. J. R. Hudson, 
not later than November 30, 1956. 

The annual dinner to which members may bring guests will be held at the Trocadero 
Restaurant on April 11. A Trade Exhibition will be held in the Cowdray Hall (next- 
door to The Royal Society of Medicine). 


Honorary Secretaries: C. A. Cook (Council Business) 
J. R. Hupson (Congress Business) 
45, Lincoln’s Inn Fields, W.C.2. 


HONOURS 


Mr. K. C. Wysar has received the degree of M.D. (with commendation) at Glasgow 
University. 
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COMMUNICATIONS 


STEREOPSIS AND DEPTH PERCEPTION AFTER 
TREATMENT FOR CONVERGENT SQUINT* 


BY 


E. J. NAYLOR, T. E. SHANNON, ano A. STANWORTH 
Department of Ophthalmology, University of Manchester 


THIS survey arose out of a paper by one of us (Stanworth, 1949) reporting 
the improvement of binocular vision after squint operations in patients in 
whom restoration of binocular vision was not expected, and analysing the 
factors which influenced the results. Since that date, the long-term results 
of treatment of concomitant strabismus in terms of binocular function has 
been the subject of discussion at the Oxford Congress of the Faculty of 
Ophthalmologists in 1952. Cashell (1952) found that of the patients dis- 
charged in 1949 who were non-binocular as determined by the cover test, 
18 per cent. had improved in binocular vision by the time they were re- 
examined in 1952; this suggested to him that in any series of cases binocular 
function will improve with the passage of time provided the visual axes are 
rendered approximately parallel. Although the age at which operation was 
performed “gave similar curves for both binocular and non-binocular 
results”’, he felt that early operation was important. On the other hand, 
Douglas (1952a) found that, in his series, the age at operation had little or 
no influence on the results; in both series the operation was done most 
commonly between the ages of 5 and 10 years. Whittington (1952) was in 
favour of delaying operation in a patient with complete alternation until 
fusion could be trained; Lyle (1952) found that the results of early operation 
were better than those when operations were delayed, but he did not state 
whether or not the age at onset was allowed for; on general principles, he 
preferred early operation, within one year of onset. Nordléw (1956) found 
that the results in patients operated on within 4 years of onset were signifi- 
cantly better than in patients treated without operation, but he did not 
compare his results with those obtained by operation at a later date. On 
the other hand, Parfonry and Polliot (1953) preferred to delay operation until 
puberty. Most authors stress the importance of the age at onset. 

The assessment of the final functional result is usually made on the basis 
of the cover test and examination on the synoptophore. Douglas (1952b) 





* Received for publication August 7, 1956. 
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also used a simple test for depth perception, involving striking a pin with a 
small hammer, and found no difference between a group of squint patients 
with binocular single vision, a group of squint patients without binocular 
single vision but with “‘cosmetically straight” eyes and a group of normal 
controls. Lyle and Foley (1955) used the Livingston rotating depth per- 
ception apparatus, and showed that the average error and time for adjust- 
ment was much smaller for patients with binocular single vision than for 
those with either “‘subnormal” or “defective” binocular vision, but the 
variations within each group and the performance of normal controls were 
not given. These authors felt, as did Burian (1947) and Stanworth (1952), 
that the presence of peripheral fusion was of significance in the patients 
with: “‘subnormal”’ binocular vision. 


Present Investigation 


In the present series an analysis of the end result in patients without fusion 
before operation was carried out on 151 cases; the analysis was also extended 
to include 112 patients with fusion before operation and twenty patients dis- 
charged as cured from the orthoptic department without operation. The 
final value of the stereopsis attained was assessed by depth perception tests 
and by the cover test, and these findings were also correlated with the 
amplitude of fusion found on the synoptophore. 


Clinical Material.—In order to vary the time since operation, those patients 
were included who had had an operation between 1943 and 1953. As the presence 
of a large waiting list meant that the patients operated on already formed a highly 
selected group, it was not possible to make a random selection of all patients with 
convergent squint, but an effort was made by a random selection of routine notes 
from the files, and by distributing the cases between different surgeons and years 
of operations, to form a reasonable sample of the whole. Patients who had been 
included in the previous analysis by Stanworth (1949) were excluded. 

The patients treated by operation comprised 105 males and 168 females. They 
were aged from 7 to 30 years; the angle of squint before operation was from +8° 
to +50°; the age at operation was between 5 and 24 years; the interval from onset 
to operation was between 6 months and 19 years. The patients treated without 
operation comprised eight males and twelve females, aged from 7 to 21 years. 


Depth Perception Tests.—After a routine clinical and orthoptic examination, 
69 of the 85 patients with post-operative stereopsis were given depth perception 
tests; two of these tests were used routinely and during the later part of the study 
a third test was added. These tests were also carried out on the twenty patients 
treated without operation, on eleven normal subjects aged from 7 years to 19 years, 
and on twelve patients without post-operative stereopsis, seven of whom showed 
some evidence of fusion. 

The first two tests were both carried out at a distance of 5 m. The patient, 
wearing glasses if required, had his head supported by a chin and forehead rest. 
In the first apparatus (drop test), the patient fixed the centre of a horizontal 
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black cord across the width of an evenly illuminated cubic white box about two 
feet wide. With all room lights extinguished, thirty small black spherical beads 
were dropped, 15 cm. in front of or behind the cord in a pre-determined random 
order and the patient was required to state the position of each bead relative to 
the cord by saying “‘front”’ or “‘back”’. 

In the second apparatus (rod test), a pair of dull black vertical rods 3 mm. in 
diameter were separated laterally by a space of 6 cm. and set against an evenly 
illuminated white background in a cubic box. One rod was set, again in random 
order, 5 cm. in front of or behind the second. Suitable screens prevented the 
patient from seeing the top or bottom of the rods. In each of thirty trials, the 
rods were seen by the patient for two seconds, and he was required to state the 
position of the left-hand rod relative to the right-hand rod. 

The binocular parallax involved in these two tests was about 75 seconds for the 
drop test, and about 25 seconds for the rod test; the minimum perceptible by 
normal adult observers may be taken as 10 seconds (Ogle, 1950), or even as low 
as 2 seconds (Hirsch and Weymouth, 1948). 

The third test was identical with the rod test except that it was carried out at a 
distance of 50 cm., and the movable rod was only 6 mm. in front or behind the 
other, giving a binocular parallax of 300 seconds. 

The use of the three tests together, therefore, gave tests of different sensitivities 
and simultaneously allowed for correlation with both distance and near cover 
tests, but did not imply any direct comparison of the stereoscopic acuities for 
distance and near. 

In all these tests the procedure was explained to the patient, and he was allowed 
one practice trial. His responses were limited to saying ‘“‘front” and “back”, a 
forced-choice type of response found by Blackwell (1952) to give the most reliable 
results in psychophysical experiments. Despite the precautions to avoid the 
presence of uniocular clues it was found that the number of correct answers when 
normal subjects were tested uniocularly was slightly more than the 50 per cent. 
correct that would be expected by chance, especially in the rod test at 50 cm., but 
it was calculated that a score of 24 or more on either distance test, or of 25 on the 
near test, would arise by chance only one in 100 times. These figures were used 
as the basis for the classification of the degree of depth perception, to be described 
later. 

Results 


Stereopsis.—On the basis of tests previously carried out in the orthoptic depart- 
ment, the patients treated by operation were divided into two groups. 

(A) Patients without fusion immediately before operation 

(i) 115 patients without binocular vision (‘‘No B.V.”). When these tests were 
carried out, ‘‘No B.V.” meant that simple simultaneous perception slides were not 
seen simultaneously, or were seen only when widely separated. 

(ii) 36 patients with simultaneous perception only (‘‘S.P.’’); i.e., the slides could be 
superimposed at the subjective angle. 

The analysis was originally made for these two categories separately, but since 
patients in the ‘“‘No B.V.” category may on occasion have shown evidence of 
simultaneous perception, the results are given in this paper for the group as a 
whole except where additional useful information could be obtained from separate 
consideration. 
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The results are summarized in the upper portion of Table I, the corresponding 
figures obtained by Stanworth (1949) being shown‘in parentheses. In each series 
the chances of improvement to fusion or better are about three times as great in 
patients with “S.P.” as in those with ‘“‘No B.V.”. The proportion of patients 
attaining fusion or better does not differ significantly in the two series, but a con- 
siderably smaller proportion attained stereopsis in the present series. This may 
probably be explained by differences in the criteria employed. In the present 
series the post-operative classification depends on the binocular vision found at 
one special examination, but patients were classified as having stereopsis by Stan- 
worth (1949) if this had been demonstrated on any occasion after operation, and 
the stereoscopic slides employed may on some occasions have tested paramacular 


stereopsis only. 
TABLE I 


CHANGES IN BINOCULAR vo a oud OPERATIONS FOR CONVERGENT 





Binocular Vision after Operation 





























ome | Seve: | sate | ss | 
Z | | NoB.V. or S.P. | Fusion | Stereopsis 
A | () | NoBV ; us | 976) =| B®] 5 @ 
| @ | SPonly | 36] 2103 | 9@ | 603 
Total | 151 (100) | 118 (74) | 22 (6) | 11 (20) 
B | @® | Fusion | 58 | 1 | 27 30 
(ii) | Stereopsis 54 1 9 | 44 
Total a ee. 2 } 367 
* The figures in parentheses show results obtained by S th (1949). 





The factors which were considered to have a possible influence on post-operative 
binocular vision are shown in Table II. In Group A, the age at onset is a signifi- 
cant factor, the later the onset, the better the prognosis; 23 of the 26 patients in 
whom onset occurred later than at 2 years of age, and eight of the seventeen in 
whom onset occurred later than at 4 years, showed improvement in binocular 
vision to fusion or stereopsis. 

The post-operative angle was also significant, but this may have been the result, 
rather than the cause, of improved binocular vision (Stanworth, 1949). 

In the present series, a vertical deviation of 3 or more prism dioptres was an 
unfavourable factor; of 39 such patients only four developed weak fusion 
{amplitude less than 10°); none of the five patients with post-operative incomit- 
ance showed any improvement in binocular vision, The significance of post- 
operative orthoptic treatment may well be due to selection for treatment of 
patients who have already shown evidence of improvement in binocular vision. 

Table Il shows that three factors found to be significant by Stanworth (1949) 
were not found in the present series to influence the total number attaining fusion; 
a pre-operative difference in visual acuity between the two eyes of more than two 
Snellen lines, or an anisometropia of 2 dioptres or more may nevertheless have 
had some effect in preventing the development of stereopsis, in that nine such 


patients developed fusion or better, but of these seven had only weak fusion. 
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POSSIBLE FACTORS INFLUENCING BINOCULAR VISION AFTER OPERATION 
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Factors Patients without Patients with 

Fusion (Group A) Fusion (Group B) 

Family history ety pee sug Sas ae ~ = 

Precipitating cause 4 a5 aK sie -* _ 

Age at onset >2 years... ieee ae +* + 

Refractive error of 3 dioptres or more ... i - — (P=0-055) 

Anisometropia of <2 dioptres ... -* - 

Difference in visual acuity of two Snellen lines 

or less immediately before operation .. set | -* - (P=0-07) 

Angle of squint “e E | te zs 

Pre-operative orthoptic treatment as - - 

Vertical deviation <3A ... is - = 

Interval between onset and operation : - + (at <5 years 

interval) 
Age at operation vs | - — (P=0-055 for 
age of 7 years 
vt or less) 
Post-operative angle of 5° or less +* 
Post-operative orthoptic treatment + - 
+ = Significant Ge test, P<0- 05). - =Not significant. 


th (1949). 
Since it is not possible to assess Waniler vision on. the synoptophore in very 
young children, this series does not include any patients operated on before the 


age of 5 years, or within 2 years of the onset of the squint. The finding that these 
two factors were not significant in this group does not therefore have any relevance 


to the question of early operation. 

Fifty patients had had pre-operative orthoptic treatment for four or more 
sessions without apparent benefit; nine of these attained fusion, and five showed 
stereopsis, but this proportion is no greater than that in the remaining patients 
who had not had orthoptic treatment. 

Though more than half of the patients were not examined by us until more than 
12 months after operation, it was possible to determine from their routine notes 
the stage at which improvement in binocular vision took place. Of the 33 patients 
involved, eighteen showed improvement within 6 months, eight within 12 months, 
and two within 18 months; in the remaining five patients, no orthoptic examina- 
tion had been made within 2 years of operation. It appears then that improve- 
ment is normally seen in the first 6 months, and almost always within 12 months. 
Evidence of weak fusion at any time before operation was not of prognostic value, 
since some patients with such evidence failed to show improvement in binocular 
vision, and conversely some patients without such evidence improved after opera- 
tion. Similarly, some patients classified on the basis of their immediate pre- 
operative test as having no binocular vision occasionally showed evidence of 
simultaneous perception, but this was of no help in prognosis. 

(B) Patients with fusion immediately before operation 

(i) 58 patients with fusion but no stereopsis: 
(a) Thirteen with amplitude of fusion of less than 10° (weak fusion), 


(b) 45 with amplitude of fusion of 10° or more (strong fusion). 


(ii) 54 patients with stereopsis. 
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The post-operative binocular vision is shown in the lower part of Table Il. The 
analysis was again carried out on each category separately, but since the results 
were virtually identical in the patients with weak and strong fusion, and since 
patients in the fusion category may have shown occasional evidence of stereopsis 
at some time, though not immediately, before operation, the further results are 
presented for the group as a whole. 

The influence of various factors on the post-operative binocular vision is again 
shown in Table II. The age at onset, which was in general greater than in 
Group A, was again of significance; only eleven of the 25 patients in whom onset 
occurred before the age of 2 years had stereopsis after operation, compared with 
63 of the 87 patients in whom onset occurred later than this. A small post- 
operative angle, and a short interval between the onset of squint and the operation 
were also significant factors; the latter is obviously dependent to some extent on 
the age at onset, in that, in a series with pre-operative synoptophore readings, any 
child with an early onset of squint must have waited a considerable time before 
operation, and, conversely, a child with a squint of late onset would tend to have 
an operation within a shorter time. Nevertheless, for each age at onset a higher 
proportion of post-operative stereopsis was consistently found in patients operated 
on within 5 years of onset. On the other hand, in patients whose operation was 
performed more than 5 years after the onset of squint, the age at onset had no 
significant influence on the final degree of binocular vision. 

There was a marked tendency for patients operated on at the age of 7 years or 
less to show better results, but this was not quite statistically significant (P =0-055); 
of the sixteen patients concerned, only two failed to show stereopsis after operation, 
and in both the age at onset was 2 years or less, and the interval) between onset 
and operation was 5 years. 

There was a tendency for the results to be better in patients with not more than 
two Snellen lines difference in pre-operative visual acuity (P=0:07). There was 
a marked tendency for the results to be better in patients with an average refractive 
error of 3 dioptres or more (P=0-055). There was no suggestion that a 
difference in refractive error between the two eyes was a bar to stereopsis. 

Post-operative treatment had been given to a greater proportion of patients 
who did not have stereopsis after operation; this is obviously due to the selection 
of such patients for treatment and is irrelevant to the question of the value of such 
treatment. 


Of the thirty patients with pre-operative fusion who developed stereopsis, twenty 


had developed stereopsis within 6 months of operation, and a further four within 
12 months. 
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Depth Perception.—The results of these tests are shown in Table Ill 
(opposite), which shows that better results were attained in the rod test at 
5 m. than in the drop test, even though the binocular parallax involved in 
the Jatter was three times greater than that in the former. This may be 
because the bead in the drop test was visible for only about one-tenth of a 
second, whereas the rods were visible for 2 seconds. Owing to the high 


binocular parallax the highest number of correct answers was given to the 


rod test at 50 cm. 
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TABLE III 
RESULTS OF DEPTH PERCEPTION TESTS 
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Stereopsis 




















Denth Preto " Nonma | Seton Setepsis | Fan 
Tests } Subjects . : . 
} Operation | Operation | Stereopsis 
s | 
| Patients Tested 11 } 68 20 12 
| 4 #3 | | 
Drop Test Correct Answers: 28 30 | 2 i ! 0 
| Pe ie Soe 66 18 12 
| | Patients Tested et al ehntes Pas 12 
} 
| 5m. ) Correct Answers: 28-30 | 9 6 \ 4 0 
| 24-27 | | ee 2 0 
<24 | ay ae SR ae 12 
Rod Test } - | } 
| Patients Tested AOie tek ere. gen aes 2 
50 cm. | Correct Answers: 28-30 | eo PP rg 9 0 
ear as OE oe 0 





12 { 





The grade of depth perception present was classified as follows: 


Grade ]. 


28 or more correct answers to either drop test or rod test at 5 m. 


Grade 2. 24 to 27 correct answers to either drop test or rod test at 5 m. 
Grade 3. Less than Grade 2, but 28 or more correct answers to rod test at 50 cm. 


Grade 4. 25 to 27 correct answers to rod test at 50 cm. 


Grade 5. Less than 25 correct answers to rod test at 50 cm. 


In subjects who were not given a rod test at 50 cm:, it was not possible to 


make a distinction between Grades 3, 4, and 5. 


The results are shown in Table [V. The only subject in the control series 


TABLE IV 
GRADES OF DEPTH PERCEPTION 
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} 
Stereopsis | Stereopsis Patients 
Normal | : : 
— Subjects | ieee | Pmt il — 

1 | 9 7 | 4 0 

2 bind | 6 | 3 0 
3 | oe 15 | 

; | . ee 

No further test | ee 22 | 


Total 3 or worse 


56 








Total 
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69 
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who failed to achieve at least Grade 2 was a child aged 9 years with uniocular 
myopia resulting in a visual acuity of only 6/36 in that eye; this may explain 
her relatively poor performance at 5 m. In contrast to the 80 per cent. of 
control patients who achi¢ved Grade 1, only 10 per cent. of patients with 
post-operative stereopsis and 20 per cent. of patients discharged without 
operation attained this Grade. None of the patients without stereopsis 
showed any evidence of depth perception in these tests. 

Tests for correlation were carried out between the degree of depth per- 
ception and the factors which might influence the post-operative binocular 
vision (2 test, P<0-05). The only significant correlation was between 
Grade 1 depth perception and an interval between onset of squint and 
operation of less than 5 years. This correlation was still just significant if 
only Group B patients (i.e. those with pre-operative fusion or stereopsis) 
were considered, and was stil) present when patients with pre-operative fusion 
were considered separately from those with pre-operative stereopsis: it was 
not therefore due to cases of apparently good prognosis (i.e. stereopsis 
before operation) having an earlier operation. There was a slight tendency, 
not statistically significant, for there*to be a greater proportion with Grade 5 
depth perception in patients in Group A (P=0-14) and in patients whose 
age at onset was less than 3 years (P =0-10); these two factors are obviously 
inter-related. No patient with a post-operative angle of more than 5°, or a 
pre-operative vertical deviation of 3 prism dioptres or more, had better 
than Grade 3 depth perception. 

The re of the ages at onset of the patients discharged without 
operation was almost identical with that of the patients in Group B who 
developed stereopsis; none of the three patients in whom onset occurred 
before the age of 2 years and only one of the eight in whom onset occurred 
before the age of 3 years had better than Grade 3 depth perception. 


Fusion Amplitude.—Of the patients with post-operative stereopsis, 54 had 
an amplitude of fusion of 10° or more, and 3) had less than 10°. There was 
a Statistically significant correlation of a large fusion amplitude with an 
interval between onset and operation of less than 5 years, but there was no 
obvious correlation with the actual age at onset. A significantly higher 
proportion of patients with a large fusion amplitude had Grade 3 depth 
perception or better. 


Cover Test.—Further analysis was carried out on similar lines of the 
results in patients tested for depth perception, using the results of the cover 
test for near and distance (Table V, opposite). The patients discharged 
as cured without operation showed better results in the cover test 
than those with stereopsis after operation. In the 69 patients with post- 
operative stereopsis, there was a significant correlation between the presence 
of a manifest squint and an interval between onset and operation of 5 years 
or more; this was even more marked if Group B patients only were 
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TABLE V 
RESULTS OF COVER TEST ON SUBJECTS WITH STEREOPSIS 
: . Fixation Manifest 

Type of Subject { Cover Test | No Movement | Heterophoria Disparity Squint 
Post-operative ] Distance 29 | 16 | 4 20 

tereopsis 

(69 patients) Near 28 | 20 5 | 16 
Stereopsis without | Distance 15 1 0 4 

Operation \ 

(20 patients) Near | 12 | 6 | | 1 

| | 





considered. There was no obvious correlation with the age at onset. There 
was also a significant correlation of each cover test with the pre-operative 
difference in visual acuity. There was a significant correlation between the 
near cover test and the fusion amplitude. 

On the basis of the cover test, it is possible to classify these 69 patients 
into two categories: 

(1) 42 with binocular single vision; i.e. straight for near and distance, or 
showing heterophoria with good recovery. These patients correspond to those 
described as “binocular result” (Cashell, 1952) or “functionally satisfactory” 
(Lyle and Foley, 1955). 

(2) 27 with a manifest deviation or fixation disparity for either near or 
distance, i.e. ‘‘subnormal binocular vision” (Lyle and Foley, 1955). 

Table VI shows the grades of depth perception of patients in these categories; 
only 7 per cent. of those with subnormal binocular vision attained Grade 1 or 2, 


and only 26 per cent. of those with a satisfactory cover test. Functionally satis- 


factory patients were just as numerous in Group A as in Group B. Seven of the 
' 


TABLE VI 
GRADES OF DEPTH PERCEPTION, PATIENTS CLASSIFIED BY COVER TEST 





| Stereopsis after Operation Stereopsis without Operation 


| 


























Grade 
| Functionally | Sub-Normal | Functionally | Sub-Normal 
Satisfactory Binocular Satisfactory Binocular 
| Vision Vision 
1 se eS 4 0 
2 4 2 3 0 
3 11 4 3 1 
4 4 3 1 0 
5 y 2 5 
No further test 11 11 1 0 
Total 3 or worse 31 25 7 6 
Total 
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fourteen functionally satisfactory patients discharged as cured without operation 
achieved Grades 1 or 2, whereas none of the six with subnormal binocular vision 
did so. 

Discussion 
The main interest in this study lies in the answers to five questions: 


(1) What factors determine the presence of stereopsis after operation?—It is 
evident that the greater the degree of binocular vision before operation, the greater 
it is likely to be after operation, and one factor which is well known to determine 
the pre-operative binocular vision is the age at onset; our findings confirm this. 
In addition, we found that the age at onset was an important factor in determining 
the presence of stereopsis after operation irrespective of the presence or absence 
of pre-operative fusion. In patients with pre-operative fusion (Group B) an 
additional independent factor was the interval between onset and operation; no 
data was available for the influence of this factor on patients without pre-operative 
fusion (Group A). The presence of vertical deviation in patients in Group A, of 
a low refractive error in Group B, and of partial amblyopia in both groups, may 
have had an adverse influence on the final results, but these factors are not of 
much prognostic value. 


(2) What degree of depth perception is present in patients who show stereopsis on 
the synoptophore ?—The striking result is the very poor depth perception attained, 
both by the post-operative patients and by those discharged as cured without 
operation. Only one of every ten patients with post-operative stereopsis, and 
two of every ten patients discharged as cured without operation, had depth per- 
ception approaching normal. Even on the easiest test employed, about three 
patients in ten showed no evidence of depth perception. 


(3) What factors determine the presence of good depth perception in patients with 
post-operative stereopsis?—The outstanding factor appeared to be the interval 
between onset and operation; these results suggest that operation should not be 
postponed until the presence of fusion can be ascertained. Patients who did not 
have fusion pre-operatively did not do quite so well in the depth perception tests, 
which detracts slightly from the importance of the development of stereopsis in 
this group. 

(4) Do clinical tests give a guide to the degree of depth perception present ?— 
None of the twelve patients who failed to show stereopsis on the synoptophore 
showed any evidence of depth perception. Of those with stereopsis, the best 
depth perception was found in patients with a functionally satisfactory cover 
test, though even so, only one in every six of the post-operative patients, and less 
than two in every six of those discharged as cured without operation, had depth 
perception approaching normal; in each case about one in six showed no evidence 
of depth perception in the easiest test employed. 

Though there was a good correlation with depth perception, the fusion ampli- 
tude did not give any better idea of the depth perception present than that given 
by the cover test alone. 


(5) Of what value is their binocular vision to those patients who show stereopsis 
on the synoptophore but have sub-normal depth perception?—It is well known 
(Weymouth and Hirsch, 1947) that the superiority of binocular over uniocular 
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depth perception is most marked at short distances; for a normal observer, 
binocular vision gives no better depth perception than uniocular vision beyond a 
distance of about 1,000 m., but at 2 m. its superiority is ten-fold. If an observer, 
as might well have been the case with many of our patients, had binocular depth 
perception of one-tenth or less of normal, it would be expected therefore to be of 
little value to him at any distance beyond 2m. Such patients would make use of 
their binocular depth perception for close work only, and even so it would be of 
much less value to them than to normal persons. 


Though routine tests for peripheral or paramacular fusion were not carried 
out on these patients, our experience with such tests (Stanworth 1952, 1955) 
suggests that they had peripheral fusion and that this may have been a 
factor in maintaining the visual axes parallel in patients who were making 
no appreciable use of binocular depth perception. 


Summary 


263 patients were examined at varying intervals after operation for con- 
vergent squint, and depth perception tests were carried out on 69 patients 
with stereopsis, twelve patients without stereopsis, and twenty patients who 
were discharged as cured from the orthoptic department without operation. 
The factors which determine the presence of post-operative stereopsis and 
good depth perception, and the value to such patients of their binocular 
vision, are discussed. 


We wish to thank the staff of the Orthoptic Department for carrying out the orthoptic investi- 
gations, and the surgeons at the Royal Eye Hospital, Manchester, for allowing us to see their 
patients. 
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STANDARD CURVE AND PHYSIOLOGICAL LIMITS OF 
DARK ADAPTATION BY MEANS OF THE GOLDMANN- 
. WEEKERS ADAPTOMETER* 


BY 


P. DIETERLE anp E. GORDON 


From the Ophthalmological Clinic (Prof. A. Franceschetti) and the Statistical Laboratory 
(Prof. A. Linder), University of Geneva 


Upon passing from light into darkness the light sensitivity of the eye in- 
creases. This phenomenon is explained by an increase in the sensitivity of 
the photoreceptor cells of the retina (cones and rods) and is called dark 
adaptation. First investigated by Aubert (1865), dark adaptation is now 
studied quantitatively through the dark-adaptation curve: the logarithm of 
the light threshold (ordinate) is plotted against the time in darkness (abscissa) 
after pre-adaptation to light under standard conditions. 

For the last 3 years our dark-adaptation curves have been obtained by 
means of the Goldmann-Weekers adaptometer.f This photometric pre- 
cision instrument is so constructed that the examiner can record the logarithm 
of the light threshold for a given time of dark adaptation directly on semi- 
logarithm paper attached to a drum effecting one rotation per hour. Dark- 
adaptation curves of different normal individuals are never identical and 
sometimes vary considerably. -In order to make a diagnosis of pathological 
dark adaptation, it is necessary to obtain data obtained under standard 
conditions to define the range of the physiological variation. The object of 
this paper is to determine a standard curve (mean curve) and the physio- 
logical limits of dark adaptation by means of the Goldmann-Weekers 
adaptometer. 

For this purpose we performed a total of twenty dark-adaptation examina- 
tions (twenty dark-adaptation curves) on a group of twenty normal subjects 
(including ametropias of from - 2-25 to +3-00 dioptres) whose ages ranged 
from 12 to 47 years (average 35). 


Technique 
The twenty examinations were performed in the following conditions: 
(1) The pupil is fixed in dilatation (eighteen cases with homatropine, two with neo- 
synephrine) ; 
(2) The examination is monocular; 
(3) 15 minutes of dark adaptation is given before pre-adaptation to light; 





* Received for publication July 23, 1956. 
+ Haag-Streit, Liebefeld-Berne (Switzerland). 
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DARK ADAPTATION 653 


(4) 5 minutes (+15 seconds) of pre-adaptation to light is given. The brightness of 
the adapting field is 1,400 apostilbs (white light)*; 

(5) The threshold is determined at intervals of approximately 1 minute during dark 
adaptation (for 45 minutes). The test field used in the determination of the 
threshold is a 12° striped opal glass disk. The stripes are black and white, with 
100 per cent. contrast (i.e. the black stripes are opaque). The brightness of the 
white stripes can be varied precisely from 0-55 x 6 x 10-7 to 0-55 x6 apostilbs. 
The threshold is determined by increasing the brightness of the test field until the 
subject perceives the black and white stripes; 

(6) There is no fixation point (the eye is free to look for the test field). 


Statistical Determination of Mean Curve and the Physiological Limits 
: of Dark Adaptation 


In the past the following methods have been used to determine a mean 
curve and the physiological limits of dark adaptation from the aggregate of 
dark-adaptation curves obtained from a group of normal subjects: 


(1) Graphic Method.—The aggregate of dark-adaptation curves is plotted on a 
single graph. Limits chosen empirically to include a large percentage (75 to 
100 per cent.) of the curves, constitute the physiological limits of dark adaptation 
for the corresponding percentage (75 to 100 per cent.) of individuals (e.g., Hecht 
and Mandelbaum, 1939). 


(2) Mathematical Method using the Arithmetic Mean of the Thresholds.—This 
consists in determining a mean value for the aggregate of thresholds corresponding 
to a given time of dark adaptation. 

_The mean value (M) is calculated by the formula: 


2X 
Moy 
where 2X =the sum of the threshold values, and N =the number of thresholds. 
A series of mean values determined in this manner for different times of dark 
adaptation defines the mean curve. Curves situated on both sides of the mean 
curve at distances of 1, 2, and 3 standard deviations constitute the limits of physio- 
logical variation of the dark-adaptation curve for 68, 95-5, and 99-7 per cent. of 
individuals respectively. The standard deviation (c) is calculated by the formula: 
. Meg 3 
es ee 
where M =the mean value determined for the mean curve (Matthey, 1932). 


(3) Mathematical Method using the Arithmetic Mean of the Logarithms of the 
Thresholds.—The procedure is the same as in (2), except that the logarithms of the 
thresholds are substituted for the thresholds. 

Fleisch and Posternak (1943) were the first to use this method in order to deter- 
mine a mean curve and the physiological limits of dark adaptation. They noted 
that the distribution of the aggregate of thresholds, corresponding to a given time 
of dark adaptation, was clearly asymmetrical: the use of the arithmetic mean of 
the thresholds would therefore not be justified. On the other hand, the distribu- 
tion of the aggregate of logarithms of the thresholds was more or less normal: the 
* Brightness (French: luminance); 1 apostilb (asb) =0-1 millilambert (mL). 
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use of the arithmetic mean of the logarithms of the thresholds was therefore 
indicated. 


Our mathematical method comprises the use of the arithmetic mean of the 
logarithms of the logarithms of the thresholds (log log threshold).* — Prof. 
Linder decided on the use of this method because the statistical analysis of 
our data revealed that the distribution of the aggregate of logarithms of the 
thresholds, corresponding to a given time of dark adaptation, was asym- 
metrical: the use of the arithmetic mean of the logarithms of the thresholds 
would therefore not be justified. On the other hand, the distribution of the 
aggregate of the logarithms of the logarithms of the thresholds, corresponding 
to a given time of dark adaptation, was approximately normal: the use of 
the arithmetic mean of the logarithms of the logarithms of the thresholds 
was therefore indicated. The transformation log log of the thresholds is 
also advised for another reason. It allows us to represent the dark-adapta- 
tion curve by a straight line, provided that we take as abscissa the log of the 
time. The dark-adaptation curve then corresponds to a curve of the 


analytical type: 
b 
y=a. eto 
where y represents the threshold value, ¢ the time, a, b, c, d are constants, 
and e is the basis of the natural logarithm. Similar formulae have been 
used repeatedly in the natural and actuarial sciences. A mean curve and 
the superior and inferior fiducial limits were determined. 

The Figure (opposite) shows the mean curve (M,) (standard curve) of dark 
adaptation and the superior (L,) and inferior (L,) fiducial limits. The fiducial 
limits (L, and L;) correspond to the limits of physiological variation of the 
dark-adaptation curve for 90 per cent. of the individuals; 10 per cent. 
of normal dark-adaptation curves are situated outside these defined limits 
(5 per cent. above the superior limit (L,) and 5 per cent. below the inferior 
limit (L;). Dark-adaptation curves situated below the inferior fiducial limit 
(L;) are “hypernormal”; in the diagnosis of pathological dark adaptation, 
the limit of normal dark-adaptation is therefore one-sided (L,). A given 
dark-adaptation curve situated above the superior fiducial limit (L,) is there- 
fore considered pathological, but in five cases out of a hundred, this 
particular dark-adaptation curve may nevertheless be normal. 

The two segments of each of the dark-adaptation curves (M,, L,, and L;) 
are evident (solid lines). However, the statistical analysis of the aggregate 
of thresholds recorded for 11<¢<14 minutes, and consequently the exact 
determination of the break (between primary and secondary adaptation) in 
the dark-adaptation curve, raise problems beyond the scope of this work.t 
The two segments of each curve are therefore joined by straight broken lines. 
The most that can be said with regard to the break in the dark-adaptation 





E . * For further details see Gordon (1956). 
} The determination of the break in the dark-adaptation curve will be treated in a future publication. 
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Ficure.—Mean (standard) curve (Mc), and superior (Zs and inferior (Zi) fiducial limits of 
normal variation of the dark-adaptation curve for 90 per cent. of individuals by means of the 
Goldmann-Weekers adaptometer. : : 

Abscissa =Time (min.) from beginning of pre-adaptation to light. 

Ordinate = Threshold brightness of test field in apostilbs (107 corresponds to 3-30 apostilbs of 
brightness of the white stripes of the test field; the scale is logarithmic). 

Inset shows portion of graph between 10 and 15 min. corresponding to 5 to 10 min. of dark 
adaptation with aggregate of individual thresholds (dots) recorded during that interval. 


curve is that, for each of the twenty subjects examined, it lies between the 
upper and lower broken lines. 


Summary 


The mean (standard) curve and its superior and inferior fiducial limits at a 
probability of 90 per cent. for dark adaptation measured with the Goldmann- 
Weekers adaptometer is given. The statistical method employed is based 
on an arithmetical mean of the logarithms of the logarithms of the threshold 
(log log threshold). This curve can be used as an exact basis for the measure- 
ment of adaptation, under similar conditions of examination. That is 
monocular examination with a cycloplegic pre-adaptation in twilight for 
15 minutes followed by light adaptation of 1,400 apostilbs for 5 minutes. 
Dark adaptation is tested immediately with a test object of 100 per cent. 
contrast eliminated by a maximum starting light of 6 lux. 
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BEHAVIOUR OF PS. PYOCYANEA IN DIFFERENT 
CONCENTRATIONS OF PENICILLIN* 
BY 
E, G. MILLWOOD anpd M. KLEIN 


London 


SINCE the introduction of penicillin the number of Gram-negative infec- 
tions has increased. “Penicillin as many have discovered seems almost to 
foster the growth of Ps. pyocyanea” (Lancet, 1944). Since then eye infec- 
tions, many of them fatal to the eye, have been reported from different 
countries. In a series of severe case of pyocyanea keratitis (Bignell, 1951), 
most were due to contaminated. penicillin solutions instilled into the eye 
after superficial injuries. In many: cases the penicillin solutions were un- 
preserved or insufficiently preserved, and in some instances infection had 
occurred before leaving the manufacturer or the pharmacy (Theodore, 1951). 

The object of the present work was to establish whether penicillin solu- 
tions could be protected against contamination by Ps. pyocyanea (aeruginosa) 
by the incorporation of a chemical preservative which would be compatible 
with the solution and not affect its potency. Several antiseptics chosen from 
a number previously tested against Ps. pyocyanea (K\ein, Millwood, and 
Walther, 1954) were incorporated in penicillin solutions of 10, 100, 150, and 
50,000 international units/ml. The 100- and 150-i.u./ml. solutions were 
made up from solution tablets B.P.C. dissolved in sterile, pyrogen-free, dis- 
tilled water containing the antiseptic; the 10 i.u./ml.-solution consisted of a 
ten-fold dilution of the 100-i.u./ml. solution, also made with sterile, pyrogen- 
free, distilled water. All the solutions, including unpreserved controls, were 
stored in clear glass screw-capped bottles at room temperature. Samples 
were taken aseptically at intervals, the potency was assayed by the method 
of Fielding (1947), and sterility tests were carried out. A portion of the 
sample was treated with penicillinase and assayed at the same time, as a 
control. 

The reason for including the weaker solutions of penicillin in the series 
was to see if any adverse effect of the’antiseptic on the penicillin would 
become obvious in a relatively short time. The results (Fig. 1, opposite) 
show that preserved solutions of the weaker strength penicillin maintained 
potency longer than the unpreserved solutions. The rapid decline in potency 
of the unpreserved controls was due in each case to infection by moulds 


* Received for publication July 13, 1956. 
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and bacteria. All the preserved solutions remained 


sterile throughout the experiment, although the con- 
tainers had been opened over twenty times. The 


BRAND AS 
BRAND A® 


©@ _ stronger solution (50,000 i.u./ml.) 

2 chosen for inclusion in the series 

. a was found to lose potency very 

” S rapidly in distilled water, as shown 

3 2 by Hobbs, Livingstone, Reece, and 
2 @ Woodard (1952). 


© 
@ 
z 
Full strength 
© } strength 
' 3 ee } strength 


International units/ml Controls unpreserved and unbuffered 


FiG. 1.—Effect of preservatives and buffering agents on potency of penicillin solutions. All 
mon were kept at room temperature, and sampled aseptically at weekly intervals. 


Average life of solutions preserved with 0-01 per cent. chlorcresol, 0-0002 per cent. 
thiomeceslate. 0-0002 per cent. phenylmercuric nitrate or acetate, 


Col. 2. Average life of solutions preserved with 0-1 per cent. chlorcresol, 0-002 per cent. 
phenylmercuric nitrate, acetate, or thiomersalate. 


Col. 3. Solutions preserved as in Col. 2, but different brands. 
Col. 4. Average life of solutions (two bran ds) infected with Ps. pyocyanea. 
Col. 5. Average life of solutions (two brands) preserved with 0-002 per cent. thiomersalate 
or or 6 per cent. phenylethyl alcohol. 
6, Average life of solutions (two brands) preserved as in Col. 5 and in addition buffered 
with sodium citrate and hexamine, 
Col. 7. Average life of solutions as in Col. 6 infected with Ps. pyocyanea. 
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(UHI penicillin potency = loss of potency com- 
ph 682 *——*daily pH readings pared with the alter- 


ation in the pH due to 
the conversion of the 














7S penicillin into penicilloic 

Fic. 2.—Loss of potency cid, It will be noted 

3 raat Solution 30,000" inter: that the solution had 

w national units/ml. com- completely deteriorated 
= 50 pH over same period. by the sixth day. 

4 The 50,000-i.u./ml. 

= group of Fig. 1 shows 

Fs _ that the period of acti- 

a> mt vity (life) of the control 

group, unpreserved and 

p i) unbuffered and non- 

infected penicillin solu- 

ies tions (marked with 

7 black), was the same 


DAYS as that which was 














658 E. G. MILLWOOD AND M. KLEIN 


infected (Col. 4) and that which was unbuffered but contained a preservative 
(Col.5). This behaviour of the strong solution was in contrast to that of the 


weak solutions; the addition of a preservative lengthened the life of the weak , 


solutions significantly, but in the strong solution the inclusion of an anti- 
septic had no influence on its normal loss of potency. In fact the preserved 
and unpreserved, both sterile and control bottles, which were infected by 
adding 0-2 mi. of an 18-hour culture of Ps. pyocyanea to each 100 ml. of 
solution, all lost potency at the same rate, and the loss of potency was almost 
complete in about 6 days (Fig. 1, control, Cols 4 and 5). When buffered, 
with sodium citrate and hexamine (Hobbs, Livingstone, Reece, and Woodard, 
1952) and preserved with thiomersalate, or phenylethy\ alcohol, the life of 
the solutions was considerably lengthened (Col. 6, Fig. 1), and a massive 
infection with Ps. pyocyanea had no effect on the life of the preserved ana 
buffered penicillin solution (Col. 7, Fig. 1). In both cases half strength was 


maintained up to [5 weeks. 
Another interesting finding was that solutions preserved with thiomer- 


salate kept their potency for about the same length of time as those pre- 
served with phenylethyl alcohol. ~ It seems that in the concentration used 
this heavy metal salt was not deleterious to penicillin. Whether this finding 
would be applicable to other antibiotics deserves further investigation. 

In the course of this work it was noted that the stronger solutions of 
buffered penicillin, although containing no preservatives, appeared to be 
an unfayourable medium for some strains of Ps. pyocyanea (Table {). 
Some bottles containing 10-ml. penicillin solution made with penicillin 
G. and buffered with 0-5-per cent. sodium citrate dissolved in sterile, pyrogen- 
free, distilled water were infected with 0-02 ml. of an 18-hour culture of 
Ps. pyocyanea, and \ mi. was subcultured at intervals into 100-ml. Needham’s 
broth containing sufficient penicillinase to inactivate the penicillin. This 
preliminary experiment has shown that, in a penicillin solution of 25,000 
iu./ml. or stronger, a massive infection of Ps. pyocyanea dies out in 5 to 
7 days. 

TABLE I[ 


PERSISTENCE OF INFECTION IN PENICILLIN SOLUTION INFECTED WITH 
0-02 ML. OF AN {8-HR CULTURE OF Ps. PYOCYANEA (STRAIN P.3) 


it ! 





Strength of Peni- | 


cillin Solution | 100,000 50,000 25,000 





| 
(international | 15,000 | 5,000 2,000 1,000 
units/ml.) . .. | | 
1 + eee er + Es | et | A 
2 + + | ir + + + ~ 
Time 4 4 + + + + au s 
after 5 | 0 5 a ee + + | +) + 
Infection 6 { 0 0 + + 4 + +4 
(days) rs Beh ip. Sie Bie nea Caras | 
eee oe ee Bos aaa | + + 





+ =growth when subcultured. 
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This experiment was therefore repeated using the three more efficient 
strengths of penicillin, with the addition of a 15,000-i.u./ml. solution as a 
marginal strength. All were buffered with 0-5-per cent. sodium citrate, and 
were then tested against 27 strains of Ps. pyocyanea isolated from different 
sources. 

Table 11 shows that the different strains varied in their ability to 
survive. Tubes containing 10 ml. buffered penicillin solution were infected 
with 0°02 ml. of an 18-hr culture of Ps. pyocyanea; 27 strains isolated 
from various sources were used and subcultures were made at intervals to 
see how long infection persisted. One strain was killed even in the 15,000- 


iu.fml. solution within 2 days, whereas two strains survived in the 100,000- 


iu./mi. solution for 5 days. Recently isolated strains appeared more 
capable of surviving in the stronger solutions than cultures that had been 


on artificial media for some time. 











TABLE li 
PERSISTENCE OF INFECTION IN VARIOUS CONCENTRATIONS OF 
PENICILLIN 
Strength of Penicillin 
Solution (international | 50,000 25,000 | 15,000 
units/ml.) .. . 
1 2 27 Py ge 27 | 27 
2 10 23 25 26 
Time after 3 3 = 8 iN 18 
Infection 4 2 7 9 14 
(days) { 5 2 ( 3 6 | 11 
6 0 0 0 9 
7 | 0 0 | wou 8 








Control tubes containing water or 0:5 per cent. sodium citrate were still infected after 3 months. 


Summary 

The behaviour of penicillin solutions against Ps. pyocyanea differs accord- 
ing to the strength of the solution. 

In weak solutions Ps. pyocyanea grows well, and in a solution once con- 
taminated it remains viable for long periods. 

In weak solutions the addition of a preservative alone prolongs the life of 
penicillin, In the stronger solutions the use of a buffer (citrate) is essential, 
and otherwise the rate of deterioration of the penicillin is very rapid. The 
use of a preservative is desirable. It was noted that thiomersalate in 0-002 per 
cent. concentration was compatible with penicillin in spite of the fact that 
this is a salt of a heavy metal. Other preservatives tried were phenylethyl 
alcohol, phenylmercuric nitrate, phenylmercuric acetate, and chlorcresol; 
these appeared to be equally useful. 


Stronger penicillin solutions of 15,000 i.u./ml. and upwards are unfriendly 
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to Ps. pyocyanea and, depending on the concentration of penicillin and on the 
viability of the strain, infected solutions containing 100,000, 50,000, and 
25,000-i.u./ml. became sterile in 2 to 6 days. 


Our thanks are due to Dr. W. W. Walther for facilities of the laboratory and helpful advice. 
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ANAESTHESIA FOR INTRA-OCULAR SURGERY* 


BY 


J. KENNEDY HARPER 
London 


In 1954, feeling that local analgesia was far from ideal for intra-ocular 
operations, I began using general anaesthesia for these cases (Anderson, 
1954).. The results in 160 cases treated during the past 2 years have been 
very satisfactory. 


Method 
Premedication.—Pethidine 100 mg., atropine gr. ris, 45 minutes pre-operatively. 


Anaesthetic.—In the anaesthetic room, xylocaine 4 per cent. or some other 
suitable analgesic solution is used to spray the nose and throat. Tubarine 10 mg., - 
or more up to a maximum of 15 mg., is given intravenously depending on a clinical 
assessment of the patient; the average dose is 11 mg. (Roche, 1950). Then 0-125 
to 0-25 g. 5 per cent. thiopentone solution is injected through the same needle and 
during the operation increments of this drug are given as needed. The airway is 
maintained by a Magill’s pharyngeal tube or oral airway, into which oxygen is 
delivered through a fine-bore polythene tube at a flow of 51./min. (It is important 
to use a pharyngeal airway rather than tracheal intubation because of the risk of 
straining and coughing produced by the latter.) 

The effects of these small doses of tubarine are interesting. Ptosis appears. but 
the eye movements are still present although sluggish, while the iris retains its 
tone and reacts briskly to light. 

In my opinion it is impossible to produce a central and relaxed eye with tubarine 
alone without at the same time causing apnoea (Parrish, Eason, and Karp, 1953; 
Henderson, 1953). 

After the administration of the thiopentone there is an immediate change; the 
eye becomes central and complete relaxation of the extrinsic eye musculature 
occurs. 

Topical analgesia is unnecessary, but if it is used the amount of thiopentone 
needed is decreased, this being an advantage in the “‘poor risk”’. 

If the pupil is not sufficiently dilated, I deepen the level of anaesthesia in fit 
subjects; in the unfit the surgeon performs a more extensive iridectomy. 


Observations 


(1) Stimulation by the insertion of the superior rectus suture and pulling 
on the iris for the iridectomy may produce reflex movements of the limbs, 
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although the eyeball remains immobile. Further increments of thiopentone 
are at once given—0-125 g. or more—to deepen the anaesthetic level. 


(2) With the relaxation of all the extrinsic eye muscles, it can be difficult 
to fix the eye for incision. 

(3) The iris remains tonic. 

(4) Eye tension falls on an average 5 mm. Hg (Schidtz) because of atony 
of the extrinsic eye muscles as there is no fall in blood pressure. The 
vitreous falls away from the anterior chamber, thus reducing the risk of loss 
(Kirby, 1950). 

(5) Respiratory exchange is diminished and some carbon dioxide increase 
occurs, but this can safely be ignored if the airway and oxygenation are 
adequate. 

(6) Apnoea is uncommon but may occur through relative over-dosage 
with thiopentone, or sensitivity to tubarine. If the apnoea is due to thio- 
pentone, gentle manual compression of the chest is carried out until detoxi- 
cation of the drug occurs and respiration begins. If it is due to tubarine 
sensitivity, the administration of the appropriate antidote (prostigmin and 
atropine) will relieve the apnoea at once. 

In this series I have had an occasional apnoea from thiopentone of a 
fleeting character, but none has occurred through the tubarine overdosage 
or sensitivity. 

(7) The recovery phase is usually quiet and uneventful with little or no 
memory of the anaesthetic procedure. Weakness of the extrinsic eye 
musculature produced by the tubarine persists for 24 to 48 hrs, an advantage 
in intra-ocular procedures. 

(8) Very occasionally uncooperative patients present a problem post- 
operatively: 





(a) Persistent “‘Squeezing’’.—A trial has been made of an oily suspension of 
tubarine (Burroughs, Wellcome) giving | to 2 mg. per stone bodyweight twice 
daily by hypodermic injection. It may help to control “‘squeezing” but of this I 
am doubtful (Barraquer Moner, 1953; Agarwal and Mathur, 1952; Agarwal, 
1953). 

(b) Restlessness—The most effective method of control is by the intravenous 
injection of the “‘lytic cocktail” (pethidine 50 mg., largactil 25 mg., phenergan 
25 mg.), which produces a quiet patient for many hours with no risk, even in the 
aged. The effect may easily be prolonged by using a 100-mg. largactil suppository 
as required. 

(c) Vomiting.—This rarely occurs and is usually controllable by largactil. 


(d) Pain.—Patients anaesthetized by this method are pain free, in contra- 
distinction to those given local analgesia. 

All intra-ocular operations are now performed under tubarine/thiopentone 
anaesthesia by the surgeons with whom I work. Their comment is that 
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operating is now simpler and entails much less strain on surgeon and patient. 

This method is also particularly valuable for teaching purposes. Patients 
in the series who have had cataracts removed by both methods much prefer 
general anaesthesia. 


Analysis of Present Series of Cases 


160 intra-ocular operations have been performed at the Western Ophthalmic 
Hospital using this technique. 104 cases were cataract extractions, mainly 


. intra-capsular, and the rest were cases of iris inclusion, iridectomy, trephine, 


etc. 
Age.—This varied from 11 to 89 years (average 66). 


Physical ConditionAs was to be expected, this was not always good, 
and 110 suffered from arterio-sclerosis and hypertension, coronary insuffi- 
ciency, diabetes, or bronchitis with emphysema. Only twenty were in good 
condition and thirty were fair; despite these physical abnormalities no 
trouble was experienced either during or after the anaesthetic, except in 
three cases. 

Dosage.—Tubarine varied from 5 mg. in the youngest to 15 mg. for the 
middle-aged and fit (average 12). Thiopentone varied from 0-25 to 0-8 g. 
(average 0-5). 

Operating Time.—This varied from 5 to 15 min. (average 7). 


Recovery Phase.—This varied with the amount of thiopentone used. The 
reflexes were usually returning when the patient left the theatre. Conscious- 
ness as a rule returned in 20 minutes, and oxygen was given routinely until 
this occurred. The airway should be removed on the return of the swallowing 
reflex to avoid coughing as anaesthesia lightens. It is important to institute 
breathing and moving exercises post-operatively in elderly patients as soon 
as possible. 


Complications—Two patients were so restless and uncooperative that 
largactil, avomine, and sedatives were of no avail. Both lost their sight, 
one through iris prolapse and the other through vitreous loss. They were 
both mentally unstable and could not have been operated upon at all 
without the use of general anaesthesia. Latterly the use of the lytic cocktail 
has overcome this difficulty. 

One patient vomited but with no ill-effect on the eye. 


Results.—Of the 160 operations, 158 were successful. I feel that the use 
of this or some similar method will largely replace local analgesia for intra- 
ocular surgery in the future. 


Summary 


(1) 160 cases of intra-ocular operations performed under tubarine/ 
thiopentone anaesthesia are reported, showing synergism, evidenced by the 
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small dosage of tubarine and thiopentone used, and absolute flaccidity of 
the extrinsic eye musculature which persisted for 24 to 48 hours. 

(2) Oily tubarine was tried post-operatively for persistent squeezers and 
intractable patients. 

(3) A lytic cocktail was given post-operatively as a means of controlling 
uncooperative patients. 

(4) The relaxants are shown to have great advantages in eye surgery for 
all ages and most types of case. 

(5) Intricate intra-ocular surgery can be taught more easily by this means. 





I should like to express sincere thanks to Mrs. Phillippa Martin, F.R.C.S., and to Mr. T. Colyer 
Summers, F.R.C.S., for their kindness in allowing me to try new techniques and also for their 
helpful suggestions. 
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STERILIZATION OF INTRA-OCULAR ACRYLIC LENS 
PROSTHESES WITH ULTRA-VIOLET RAYS* 


BY 
C. D. BINKHORST anp F. P. FLU 
St. Elisabeth Hospital, Sluiskil, Netherlands 


One of the problems arising with the use of intra-ocular lens prostheses is 
that of sterilization. The acrylic lens described by Ridley (1952), as well 
as the anterior chamber prostheses of Strampelli (1955), Scharf (1955), and 
Schreck (1955), are made out of polymethylmethacrylate. Heating ‘this 
material above 70°C. may deform it, which means that this method of 
sterilization is not possible. Chemicals affecting the polymethylmetha- 
crylate, like alcohol, formol, etc., cannot be used as sterilizing agents. 
Ridley (1952) decided to use cetrimide, one of the quaternary ammonium 
compounds, which does not affect the lens material. Immersion for one 
hour in a 1 per cent. solution of a quaternary ammonium compound, 
followed by rinsing in distilled water, has become the generally accepted 
method of sterilization. 

As a rule some inflammatory reaction of the uvea occurs after the insertion 
of an acrylic lens prosthesis. Many authors, however, describe a far more 
serious post-operative reaction pattern. Its possible causes were discussed 
by Binkhorst (1956a, b): one of them, undoubtedly, is the sterilization of 
the acrylic lens in a quaternary ammonium compound, as traces of this 
chemical cause toxic irritation. Goldmann (1955) has pointed out that it is 
impossible to eliminate all traces of this surface active disinfectant by 
rinsing the lens in distilled water. This fact becomes even clearer upon the 
realization that a Ridley lens can absorb about | per cent. of its own weight 
of fluid. Gilkes (1956), one of Ridley’s associates, immersed a Ridley lens 
in a | per cent. solution of cetrimide for one hour, and then rinsed it in 
distilled water. Finally he submerged the lens for one week in a volume 
of distilled water equal to that of the anterior chamber. In this latter 
volume he measured the increase of electrical conductivity, and found it to 
be equal to a 0-01 per cent. solution of cetrimide. 

The methods of sterilization of intra-ocular lens prostheses have changed 
but little in the past few years. Some ophthalmic surgeons decreased the 
time during which the lens was immersed in the disinfectant, and found 
post-operative uveitis to be favourably affected (Miller, 1953), and others 
(Rintelen and Saubermann, 1956) prolonged the rinsing. Scharf (1955) 

* Received for publication September 8, 1956. 
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avoids the quaternary ammonium compounds altogether, and places the 
prostheses in a streptomycin-penicillin solution. 

We feel that all toxic disinfectants must be avoided, and that the results 
of acrylic lens implantations may thus be greatly improved. Our own 
experience with Ridley’s operation as well as with the insertion of acrylic 
lenses into the anterior chamber proves our point (Binkhorst, 1956a, b). 

To sterilize the prostheses we used the bactericidal action of ultra-violet 


rays with a wavelength of 2537 A. For this a special apparatus was devised 
(Fig. 1). 


























Fic. 1.—Horizontal section of apparatus designed for the sterilization 
of acrylic lens prostheses with ultra-violet irradiation (fixation of 


the quartz cuvette cannot be visualized). 


A quartz tube, [0-cm. long, is provided with an airtight quartz stopper. This quartz | 


cuvette (c) can be snapped into place on clamps in a cylindrical box. The box is 50 cm. 
long and has a diameter of 30 cm. In the horizonta) plane are mounted two mercury 


vapour bulbs (T.U.V. 15 watt, Philips) (b). The quartz cuvette, which does not absorb 
the ultra-viclet rays, hangs midway between the two lamps, at a distance of 10cm. The 
box can be opened at one end to allow the introduction of the cuvette. The inner surface 
of the box is lined with aluminium foi). This reflects more than 70 per cent. of the 
incident ultra-violet rays. This set-up guarantees an all-around irradiation and elimin- 
ates shadow formation. To prevent a rise in temperature during use, we perforated 
both ends of the box, and mounted a ventilating fan (v) into one end. 

The acrylic lens that is to be sterilized is placed into the quartz cuvette, and 
is irradiated for 30 min. at room temperature. About 90 per cent. of the 
radiations of the T.U.V. bulbs have a wavelength of 2537 A, and therefore 
almost maximal bactericidal action (Fig. 2, opposite). At ‘a distance of 
10 cm., one 15-watt T.U.V. bulb furnishes | m.watt radiant energy per 
sq. cm. (Wilgen, 1955). Thus, in this apparatus, and discounting the 
amplification due to the aluminium reflector, we may expect a dosage of 
about 3,600 m.watt sec./sq. cm. on exposure for 30 minutes. 

The lethal dose for most pathogenic organisms varies from } to 50 m.watt 
sec./sq. cm., exceptionally resistant moulds requiring about 300 m.watt 
sec./sq. cm. These figures indicate that 30 minutes of irradiation in our 
apparatus should be sufficiently safe. We verified this in our own experi- 
ments, in which not only was the minimal lethal irradiation time determined, 
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FiG, 2,—Bactericidal action of ultra-violet radiation bulb (after J. van Wilgen, 1955). 


but also the possible occurrence of a lag phase was investigated by preparing 
subcultures. 


For this purpose we infected pieces of ESET eon ed with bacterial suspen- 
sions from 24-hr strains, containing 3 x 10° bacteria per ml. Other pieces were infected 
with a culture of an undetermined mould. These fragments were exposed in the quartz 
cuvette to increasing doses of radiation, and incubated in a suitable medium. If no 
growth occurred, subcultures were prepared after 24 and 48 hrs. The results still being 
negative after 72 hrs, we assumed that the bacteria were not in a lag phase, but killed 
by the irradiation. The Table shows which micro-organisms were used in the experiments, 
and the influence of the irradiation time on their growth. The upper figures indicate the 
tests carried out, and the lower italic figures the positive cultures obtained. 

TABLE 
EFFECTS OF IRRADIATION ON NERO DEGANEMS 
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Our experiments required greater minimal lethal irradiation doses than 
those stated for these micro-organisms in the literature. This was to be 


expected, as our pieces of acrylate were embedded in either bacterial or 
mould suspensions. Irradiation for 30 minutes in the apparatus described 


above proved to be absolutely safe. As we never encountered growth on 
secondary incubation whenever the primary culture remained negative, we 


cannot exclude the occurrence of a lag phase. 
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Finally we ought to consider whether this method of sterilization produces 
physical or chemical changes in the polymethylmethacrylate, so reducing its 
usefulness for intra-ocular application. 

We noticed a yellow discoloration on exposing the acrylate to ultra- 
violet irradiation at 50°-60°C. for 12 hrs. Irradiation at room temperature — 
did not cause a reduction in spectral transmission. This concurs with 
experiments done by Frilich (1940). He noticed a significant decrease in 
spectral transmission, and a roughening of the surface of the acrylate on 
irradiation with ultra-violet rays at 50°C. He did not find these changes 
after long exposures (500 hrs) to ultra-violet rays at room temperature. 
Therefore, it seems to be of the utmost importance to guard against a rise in 
temperature when sterilizing with ultra-violet rays. We achieved this by 
using a ventilating fan. 

The low-molecular products formed by this kind of irradiation are also 
to be considered, as these might become a source of chemical irritation. 
Although viscosity measurements indicated that the irradiation may fracture 
the methylmethacrylate chains, 14 hrs’ exposure proved the rate of low- 
molecular product formation still to be negligible. Nor need an increase in 
the content of monomers be feared on our short exposures (Heijboer). 

We feel justified in stating, therefore, that sterilization of polymethyl- 


methacrylate prostheses by ultra-violet irradiation by the described method, 
does not render the material less useful for intra-ocular use. 








Summary 


An apparatus designed for the sterilization of intra-ocular acrylic lens 
prostheses with ultra-violet rays (wavelength 2,537 A), is described. Its 


efficiency has been demonstrated bacteriologically. It surpasses chemical 
methods of sterilization by avoiding toxic irritation of the eye. Post- 
operative inflammatory reaction, using acrylic lens prostheses sterilized with 


ultra-violet rays, was remarkably slight. 


We are greatly indebted to Mr. J. van Wilgen, Philips Nederland NV., Eindhoven, for his 
technical advice and for the construction of the quartz cuvette, and to Ir. J Heijboer, Centra) 
Laboratory, T.N.O., Delft, for his analysis of polymethylmethacrylate irradiated with ultra- 


violet rays. 


REFERENCES 


Binxnorst, C. D. (1956a). Oo ip oa (Basel), —, —. 

( 19560). Ned. T. Geneesk., 

Fré.icu, K. ~~, Kuntstoffe, 40, 167, 

GILKEs, M. 3. (1956). Personal communication. 

GOLDMANN, H. (1955). Jn Saubermann (1955), p. 251. 

Miter, H. A. (1953). Ann. Oculist. (Paris), 186, 312. 

RIDLEY, H. (1952). British Journal of Ophthalmology, 36 

RINTELEN, F., and SAUBERMANN, G. (1956). Ophthalmologica (Basel), 131, 369. 
SAUBERMANN. G. (1955). Ibid., 129, 247. 

ScnarRF, J. ( 1955). Ber, dtsch. “ophthal. Ges. Heidelberg, 59, 222. 

SCHRECK, E. (1955). [bid., $9, 212. 

te a oe B. 955). Arti 41 Congr. Soc. oftal. ital., Bologna, 1955, 15, 427. 
WILGEN, J. VAN (1955). Pharm. Weekbl., 90, 64: 








ces 
its 


ra- 
ure 
ith 

in 
ges 
re. 
in 


Iso 
on. 
ure 
Iw- 
in 


yl- 
od, 


ens 

Its 
cal 
»SI- 


‘ith 


his 
tra) 


tra- 











Brit. J. Ophthal. (1956) 40, 669. 


LYMPHOCYTOMA OF THE ORBIT* 
BY 


B. K. DAS GUPTA, G. C. SEN, Aanp R. K. BASU 
From the Department of Ophthalmology, Nilratan Sircar Medical College and Hospitals, 


Calcutta, India 


LYMPHOMATOUS tumours have been found to arise from sites where the 
existence of lymphoid tissue is unknown. Sugarbaker and Craver (1940) 
reported extranodal sites as the primary foci of such tumours in 33 per cent. 
of their series of 196 cases of lymphomatous conditions, 65 per cent. of them 
being in the head and neck. 

These tumours may be strictly localized, may have multicentric existence 
anywhere in the body, or may involve the blood stream. Stout (1942) 
classified them into three different histological types: 

(1) Lymphocytic Cell Type—The cells are small and round, the cytoplasm is 


scanty, and the nuclei take up a dark stain with haematoxylin: 


(2) Reticulum Cell Type.—The cells are large and pale, and irregular in shape 


and have vesicular nuclei; 


(3) Giant Follicular Type—This is characterized by the formation of large 


follicles. 


The terms ‘“‘lymphocytoma of the skin”, “‘Jymphadenosis op “miliary 
lymphocytoma”, or “benign lymphadenoid granuloma of the skin” have 
been used by dermatologists to describe miliary nodules in the face, scrotum, 


and extremities, which simulate clinically a miliary sarcoid or lupus miliaris 
disseminatus. WNo haemocytological changes occur in this group of tumours 


which have been regarded as developing from pre-existent lymphoid tissue. 
Histologically they are composed of lymphocytes and occasionally of 
reticulum cells simulating germinal centres. They are supposed to occur as 
a result of chronic irritation. 

Of 21 histologically verified cases of lymphomatous lesions with ocular 
manifestations, McGavic (1943) found a primary tumour in the region of 
the eye in seventeen, while in four others the eye was affected by a secondary 
involvement. Of these 21 cases, five were in the subconjunctival tissue, 
seven in the lacrimal gland, three in the orbit, and five in the lids and brow. 





* Received for publication July 7, 1956. 
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Of the 62 cases reported by Reese (1951), 23 were in the orbit, 21 in the con- 

junctiva, fifteen in the lids and lacrimal gland, and three in the uveal tract. 
Arnold and Becker (1872) first noted the occurrence of orbital lympho- 

mata. These tumours can occur at any age and in both sexes and are 


bilateral in over 20 per cent. of cases. The ooular lesions occur insidiously. 
Subjective symptoms are insignificant but the patients may seek relief on 


account of an unexplained mass in the conjunctiva, skin, or orbit. A deep- 
seated lymphoma of the orbit may be the cause of unilateral exophthalmos 


with no superficial evidence of the disease and no palpable mass; if the 
growth is large, it causes proptosis and limitation of movement, and a mass 
can be palpated in the orbit. Extreme degrees of protrusion, as much as 
10 to 30 mm., have been reported (Arnold and Becker, 1872; Ahlstrém, 
1904; Seeligsohn, 1906). Papilloedema and optic atrophy may be caused 
by pressure exerted by the tumour. 


Case Report 


A man aged 42 years presented himself on November 14, 1955, complaining of fullness 
of the right upper and lower lids and gradual painless proptosis for the last 11 months. 
There was a history of injury to the nose with epistaxis 9 months previously. 


Examination.—A small tense mass could be felt deep under the right lower lid above 
the lower orbital margin on the medial aspect. The skin was free and the tumour mass 
was mobile, firm in consistency, and not tender to pressure. The skin over the tumour 
mass was normal. No pulsation could be felt over the area nor bruit heard. There was 
congestion of the bulbar conjunctiva on both the medial and lateral sides at the lower 
part. Slight proptosis of about 2 to 3 mm. was present. Movements of the eyeball in 
all quadrants were normal. The visual acuity was.6/6, the intra-ocular pressure normal, 
and the fundus healthy. 

Nothing abnormal was seen or felt in the left eye; the visual acuity was 6/6, and the 
fundus healthy. 

The nose and accessory nasal sinuses, an x-ray examination of the right orbit, and a 
blood examination showed nothing abnormal. 


Operation.—On December 2, 1955, under local anaesthesia, an encapsulated tumour 
which measured 24 x 23 mm. was removed from the orbit. Healing was uneventful, but 
slight chemosis of the conjunctiva and proptosis with limitation of movements continued 
for some days after the operation. When patient was discharged on December 23, 1955, 
the congestion of the bulbar conjunctiva and proptosis had quite disappeared, but slight 
limitation of movement on the medial side with diplopia persisted. The patient has not 
reported since. 


Pathologist’s Report.—‘‘The section shows densely packed small mononucleated cells 
which are traversed by bands of fibrous tissue. These cells are indistinguishable from 
adult lymphocytes. Reticulum cells are scattered in these compact masses of cells, which 
have large pale nuclei with a moderate amount of light grey cytoplasm. Neither imma- 
ture cells of the lymphoid series nor the presence of mitotic figures are seen. These 
homogeneous cells are distributed indiscriminately without any tendency to the formation 
of lymph follicles (Figs 1, 2, and 3, opposite). Necrosis is absent. Diagnosis— 
lymphocytoma.”’ 
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Fic. 1.—Low-power photomicrograph. x50. Fig. 2.—High-power photomicrograph. x 144 





Fic. 3.—As seen under oil-immersion lens, 
photomicrograph. x 472. 


Discussion 

Considerable confusion has arisen because of the different names that 
have been given to tumours arising from lymphoid tissue, and have been 
applied in different senses by different authors. 

Willis (1953) agrees with Warthin (1931), Ginsburg (1934), and Herbut, 
Miller, and Erf (1945), that all tumours of lymphoid tissue are related 
variants of one disease process. 

Even after histological examination, pathologists may differ as to the 
category into which the particular tissue should be placed. It is not always 
easy to assess the prognosis of a case by studying the microscopic appearance 
of a given tumour as there is always the possibility that the nature of the 
tumour may change later. 
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Summary 


A brief review of benign lymphomatous tumours is presented with a case 
report on a lymphocytoma of the orbit. 


We are grateful to the Superintendent, Nilratan Sircar Hospital, Calcutta, for allowing us to 
publish this case, and to Dr. A. Mukherjee for the pathological report. 
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EPIPHORA AND THE BONY NASO-LACRIMAL CANAL* 
BY 
CALBERT I. PHILLIPS anD MARIAN GEORGE 


From the Institute of Ophthalmology, University of London 
Director of Research: Sir Stewart Duke-Elder 


It is possible to obtain a radiographic view of the naso-lacrimal canal 
“end-on” by directing a beam of x-rays down the axis of the canal to a 
film held horizontally in the mouth: the centre of the film is placed near 
the site of the first molar tooth (Brunetti, 1930; Kopylow, 1930; Toth, 
1933), or the second pre-molar. Examples of such radiographs are shown 
in Figs 1, 2, and 3. The present investigation has been undertaken to com- 
pare the sizes of the bony canals thus observed in a series of normal subjects 
with those in a series of patients with epiphora. 


Material 


Surgeons of Moorfields, Westminster and Central Eye Hospital were 
requested to send patients complaining of epiphora to the Radiological 
Department where they were x-rayed (see below). The results of syringing 
the naso-lacrimal passages had usually been recorded on the case-sheets; 
in the few cases where this information was not available for the symptom- 
free side in unilateral cases, a test syringing was carried out. Patients who 
had abnormalities of the puncta or canaliculi, or a history of facial injury 
involving, or operations on, the tear-passages, were excluded. It is interest- 
ing to note that four out of twenty epiphoric eyes (see Table I) had passages 
which were patent on syringing: the cause of epiphora in these cases was 
not clear. No case was recorded as having obstruction of the common 
canaliculus along with obstruction of the naso-lacrimal duct. The control 
sample was selected from patients referred for x-ray of skull, sinuses, teeth, 
chest, etc., for various reasons such as headaches and iridocyclitis. The 
same sex ratio was chosen in the control as in the affected group and each 
control was selected so that his or her age was within 3 years of at least one 
of the affected, with three exceptions: epiphorics F 78 and M 52 were not 
paired, and F 65 was controlled by F 60. There is no significant difference 
between the mean age of controls and affected (t=0-33; n=27; P very 
much >0-10). The affected group is thus not a random sample of epi- 
phorics in Great Britain, and the control group is even less a random sample 
of individuals of the same age, sex, race, stature, etc., as the affected, but 
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any bias introduced can hardly result in a selection of individuals whose 
bony naso-lacrimal canals differ from those of their parent population. 


Method 


(a) Radiographic Technique (M.G.).—It was impossible consistently to obtain 
satisfactory views of both the upper and lower ends of the bony naso-lacrimal 
canal, so that the aim has been to record only the upper end. A superior-inferior 
projection (Téth, 1933) was used. A dental film, secured in a pair of artery 
forceps, was placed in the mouth and “centred” at the site of the first molar 
tooth or the second pre-molar; it was held against the upper teeth or upper alveolar 
margin at right angles to the direction of the naso-lacrimal canal. The radio- 
graphic base-line (outer canthus of the eye to the external auditory meatus) was 
tilted 20-35°, the posterior end being the lower, so that the frontal bone did not 
intersect the path of the x rays which were directed along the axis of the canal. 
A separate film was used for each side. 


(b) Method of Measurement.—The dense oval of bone, with its long axis antero- 
posterior (see Figs 1, 2, and 3), corresponds to the thick structure of the maxilla, 
which, along with the lacrimal bone, forms the inlet of the bony naso-lacrimal 
canal in normal circumstances. This was proved by Toth (1933) who took 
radiographs of a skull prepared with shaped metal rings in the inlet and outlet 
of the canals. 

Measurements were made of the area enclosed by the thick oval of bone by 
superimposing on the radiograph a grid, etched on glass, built up of square 
millimetres as the smallest unit. Approximate allowances, to the nearest sq. 
mm., were made for squares overlapping the edge of the ovai. A planimeter 
was not available, but it is considered that greater accuracy could not have been 








Left aT Right 
Fic. 1.—Control F 51. Arrows indicate bony naso-lacrimal canals seen “end-on”’. 
Sizes (16-3 sq. mm. right and 13-6 sq. mm. left) are smaller than those of the 
epiphoric case shown in Fig. 2. 
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Left Right 
Fic. 2.—Bilateral epiphoric F 67. Arrows indicate bony naso-lacrimal canals with 
“area of inlet’? 20-3 sq. mm. right and 27-0 sq. mm. left. Compare the smaller control 
in Fig. 1. These reproductions are considerably magnified so that the difference 
between control and epiphoric looks greater than the actual figures show. 











Left a ; Right 
Fic. 3.—Unilateral (left) epiphoric F 54. Arrows indicate ‘‘spurs’’ of bone pro- 
jecting into the lumina from the lateral walls of the naso-lacrimal canals or their 
inlets. These do not seem to be artefacts. The right measures 19-6 sq. mm. and 
the left 18-6 sq. mm. (Measurements were more difficult in. this case than in any 
other; the possible variation introduced into the statistical mean must, however, be 
very slight and will not affect the main conclusion.) 

achieved by its use. In order that the measurement variance might be reduced, 
each radiograph was examined three times and the mean of the three readings 
recorded, hence the fractions which appear in Table I. Observational bias was 
eliminated by using “‘ blind”’ measurements, i.e. the observer did not know whether 
the radiograph was from a patient or a control, and he was not biassed by knowing 
the result(s) of his previous examination(s) of the same radiograph. 

Toth (1933), in measuring normals, found that the antero-posterior axis of the 

oval measured 7-10 mm. while the axis at right angles to that measured 4-6 mm. 
These figures are approximately in accordance with the range of areas shown for 
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the controls in this investigation. Téth (1932) also examined radiographs of 
twenty patients who had obstruction of the naso-lacrimal duct and expressed the 
opinion that the bony canal was abnormal in only two; one of them had severe 
lupus vulgaris and the other had had repeated probings of the abnormal duct. 


Results 

Table I contains the basic data which were’ analysed statistically. The 
mean of the right and left side in each control was used (being counted as 
only one degree of freedom, of course) instead of alternate or random sides, 
in order to reduce the variance of the observations. Since there is no 
significant tendency for the right or left side to be larger (Student’s “t” for 
the difference between right and left in the control series =0-526; n=11, 
P much >0-10) no bias is introduced by using that mean. It would not be 
legitimate to count each side as a separate entity in a control since each 
control observation would not then be as independent as possible of all 
others; it will be shown that there is a high degree of correlation between 
right and left sides in the control series. 


TABLE I 


“ AREAS OF INLET” OF BONY NASO-LACRIMAL CANAL PROJECTED ON DENTAL 
X-RAY FILM BY BEAM OF X RAYS DIRECTED DOWN AXIS OF CANAL 


Size (sq. mm.) estimated from grid (etched on glass) superimposed on a radiograph in a 


viewing box. 












































CONTROLS EPIPHORICS 
. . } ° ° 
Sex rad Right | Left | Mean | Sex Age Epiphoric Non-Epiphoric 
F 60 21:3 | 28-0 27-65 | F 44 17-6 L 140R 
F 53 21°6 22-0 21-3 || F 78 25-0 L 35-3R 
F | 65 { 310 | 353 | 3315 ( F / 50/| I86R 
F 49 14-0 14-0 14-0 \ 24:6 L 
F 52 170 14-0 155 || F 67 203 R 
F | 47 | 270 | 26 | 263 [ 270 L 
F 36 20-6 23-0 2-3 || F 41 15-0 RI 14-0 L 
F | 6 28'6 240 263 || F | 54 18-6 L2 19°6R 
F 41 18-6 25-3 21-95 || F 52 34-3R 36:3 L3 
F 51 163 13-6 14-95 || F 49 17:3 R4 23-3.L 
m{ a | 150 ( 176 | 163 | F | 6f | 320 R 26:3 L3 
M 66 59-0 46-0 - Sea: ho = 36 160R 13-3 L 
F )}) 41 26-0 L4 | 28-0R 
| | F 51 20-6R 15:3 L 
| | F 35S 240 R 12-6 L 
) F / 65 26°0R 28-0 L 
{ M | 52 26-0R 
24-6 L 
M | 66 310L 21:3R 
\ M | 44 17-6 L 23-0R 
Totals | 296-0 | 288-4 | 292-20 | Totals 462:1 | 310:3 
Mean of all (292:20-- 12)=24-35 | Means 31 22°16 
| 





1 Freely patent on syringing though epiphoric. _ 
2 Fairly freely patent on syringing though epiphoric. 


sually slightly patent on syringing: symptom free. 
4 Slightly patent on syringing: epiphoric nevertheless. 
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The mean area of inlet of the bony naso-lacrimal canal for the control 
series is 24:35 sq. mm. and that for the epiphoric series is 23-1 sq. mm.; the 
very small difference between these two means submitted to the ¢ test is 
attributable to chance (t=0-4 approximately; n=30; P much >0-10). If 
the mean of only those ducts which, on syringing, were found to be com- 
pletely obstructed (24-075) be compared with the control mean, the difference 
is more insignificant (t=0-03 approximately; n=26; P much >0-10). Again, 
if only alternate sides are chosen from cases of bilateral obstruction, the 
“obstructed”” mean (24-284) differs even less significantly from that of the 
controls (t=0-023; n=23; P much >0:10). The conclusion seems justified 
that, in the vast majority of cases, there is no relationship between the size 
of inlet of the bony naso-lacrimal canal and epiphora with or without 
obstruction of the lacrimal passages on syringing. This, in turn, may be 
regarded as circumstantial evidence in favour of exonerating the whole 
bony duct from complicity in any form of epiphora. 

The validity of this conclusion is not impugned by the fact that the smallest 
recorded measurements occurred in the epiphoric group—especially as these 
are to be found on the non-epiphoric side of unilateral cases! It is not, of 
course, inconceivable that cases of blocked naso-lacrimal ducts could occur 
because of partial or complete atresia of the bony canal; such cases must 
be, on the evidence presented here, rare. 

It will have been noted that the “spread” of the size of the ducts is wide. 
How much of this is due to unavoidable variation in radiographic technique 
and to inaccuracies inherent in the method of measurement? The answer 
probably is “‘very little”’ since there is a very highly significant degree of 
correlation between right and left ducts in the control group (r=0-923; 
n=10; P=very much <0-001). 


Facial Asymmetry in Epiphorics 


Inspection of the results in Table I suggests that the right and left sides 
differ in the control series by less than in the epiphoric. This impression 
will be made clearer if the data are re-arranged as in Table II, (overleaf), 
which shows the differences (irrespective of sign). The mean difference in the 
control group is 3-53 sq. mm. while that in the epiphoric group is 4-8353 
sq. mm. However, the difference between these means is not significant 
(*=1 015; n=27; P>0-10). 

Of many other possible ways of “analysing” this particular problem, 
perhaps the best is to submit differences between the two sides in cases of 
unilateral obstruction of the naso-lacrimal duct to a Student’s rar test. If 
asymmetry of the bony canals were an important phenomenon in epiphoric 
patients, then one would expect the smaller canal to be on the epiphoric 
side in unilateral cases. This hypothesis receives no support if a Student’s 
“1” test be applied as described above (t=0-1089; n=8; P much >0-10). 
Indeed, the sign of the mean difference (— 2-3 sq. mm.) shows that the 
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TABLE II 


DATA FROM TABLE I RE-ARRANGED TO ALLOW COMPARISON BETWEEN 
DEGREES OF ASYMMETRY IN CONTROL AND EPIPHORIC SERIES 



































CONTROLS EPIPHORICS 
} Canals (sq. mm.) | Canals (sq. mm.) 
Sex | 2 | sex | Age 
| (yrs) | Larger | Smaller | Difference | (yrs) Larger | Smaller | Difference 
| ) ] 
{ | 
F | 6 | 2-0 | 27:3 { 0-7 | F | 44.) 176 | 140 36 
F a. | 220 21-6 =| 0-4 |e male Bib « 35-3 25-0 10:3 
F } 65 | 35:3 | | Ra | F | 50 | 246 18-6 6-0 
F}) 4 ) 140 | 140 | 040 ( F | 67 | 270 20:3 6:7 
F | 52 | 170 | 140 | 340 | F | 47 | 130 14-0 1-0 
F | 47 | 270 } 256 ) 1-4 | F 54 | 196 186 | 1:0 
F./.36 | 30 | 6 | 24 | F 52 36-3 34-3. | 20 
F | 61 | 286 | 240 | 46 F | @ 1-293 17-3 | 6-0 
F | 4t | 25-3 | 186 67 | F ) 6 } 320 |. 23 | = $7 
F158.) 363.- | 213-6 3-3 F )} 36 16-0 13:3 | 2:7 
M} 41 | 176 | 150 | 26 A | 28-0 260 | 2-0 
M) 66 | 590 | 46-0 13-0 | F { 51 | 2046 153 | 53 
F | 55 | 240 126 | 11-4 
|. F 65 | 28:0 26° 20 
\ | M ( §2 26:0 246 | 14 
M | 66 31-0 21-3 | 9-7 
/ M | 4 | 176 | 23-0 | 5-4 
Total Differences 42:4 | Total Differences 82-2 





Mean Difference 3-53 Mean Difference 4-84 





“‘obstructed”’ sides tend to be the larger, though to an extent easily attri- 
butable to chance. 

Again, theoretically a real difference might exist in these unilatera) epi- 
phorics but be obscured, from the statistical point of view, by the variance 
introduced from the use of absolute differences. Even if this possibility be 
eliminated by comparing the mean ratio of larger : smaller in controls with 
that in unilateral epiphorics, there is no significance at all in the difference 
(t=1-013; n=24; P>0-10). 


Discussion 
While these results give no support to the hypothesis that the inlet of the 
bony naso-lacrimal duct has usually an association with epiphora, they 


provide only circumstantial evidence for exonerating the rest of the bony 
cana], Stenosis in the lower bony duct would seem however to be unlikely, 
since the usual site of obstruction is at the junction of the sac and duct 
(Duke-Elder, 1952), These considerations prompted a qualitative review 
of the radiographs. In one case (Fig. 3), a bony spur was seen to project 
from the latera) sides of the canals near their posterior ends (more easily 
seen in the right); in this patient the left duct was obstructed and the left 
eye epiphoric whereas the right was normal. These “bony spurs” do not 
appear to be artefacts produced by neighbouring ridges superimposed on 
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the lumina of the ducts. No other radiograph gave rise to any suspicion 
that the bones were abnormal. 

An histological study of biopsy specimens from the ‘upper naso-\lacrimal 
duct at the time of operations on the tear passages might be rewarding, 
although it would be difficult to differentiate between pre- and post-obstruc- 
tion abnormalities; the histological observations of leucocytic infiltra- 
tion, epithelial degeneration, and hyperplasia of the mucous membrane of 
the sac and duct of Rollet and Bussy (1923) might well have occurred after 
“ectasie et sténose des voies lacrymales”. No observations seem to have 
been made on the vascular plexus surrounding the mucous membrane of 
the duct. No histological evidence of abnormality in the nasal mucosa 
near the outlet of the duct was found in dacryocystitis (Seidenari, 1947a), 
nor in the anterior ethmoid cells (Seidenari, 1947b). 

On 4a priori grounds, it would be idle to deny that malformation of the 
bony canal can be responsible for naso-lacrima) blockage, and evidence in 
favour of this deduction is provided by Gualdi (1930) who studied series 
of familial and hereditary blockage of the naso-lacrimal duct. He suggested 
that this type of abnormality was associated with low cephalic indices, high 
nasa) indices, smailer than normal nasal bones, alteration in the shape of 
the inlet of the naso-lacrimal canal (from oval to round), and reductions in 
its diameter. Heinonen (1920) also related dacryocystitis to facial con- 
figuration. Vogt (1930) and Groenouw (1901) also recorded cases of here- 
ditary blockage of the naso-lacrimal ducts. 

Similarly, anatomical investigations of macerated skulls have shown wide 
variations in the structure of the bones of the naso-lacrimal canals (Zabel, 
1900; Whitnall, 1912). The former studied 200 skulls in which he found 
three without any lacrimal bone and three with only rudimentary ones, 
while sixteen had accessory bones in that region. Observations made by 
Whitnall (1912) on fifty maxillae revealed that in seven the lips of the sulcus 
lacrimalis met to form part of the medial wall of the bony canal, thus inter- 
vening between the descending process of the lacrimal bone above and the 
lacrimal process of the inferior turbinate below; these two processes nor- 
mally share the medial wall of the canal between themselves. In four of 
these seven cases a constriction was found in the canal at the site where the 
lips of the groove had fused. Interesting as these observations are, especially 
in relation to the operation of dacryocystorhinostomy, their importance in 


relation to blockage of the nas.-lacrimal duct has been shown to be very 
doubtful. 


Summary 


It is possible to obtain a radiographic view of the naso-lacrima) duct 


“end-on” by directing a beam of x-rays down the axis of the canal to a 


dental film held in the mouth at right angles to the beam. The area enclosed 


by the bones surrounding the upper end of the canal may be measured by 
a grid built up of square millimetres etched on glass. 
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The mean “area of inlet” in a series of epiphoric patients with naso- 


lacrimal duct obstruction is almost identical with the mean of another 
series without epiphora controlled for age and sex. The epiphoric series 


showed slightly more asymmetry than the controls when the sizes of right 


and left sides were compared; chance variation might easily account for this. 


There was no statistically significant tendency for the epiphoric side in cases 
of unilateral epiphora to have an inlet of a different size from that of the 


norma] side. 
The conclusion is drawn that, although bony abnormalities may some- 


times account for cases of epiphora (cases in the literature are quoted), 
their importance as a cause of the watering eye is small. 


The investigation of patients was carried out with the kind permission of the surgeons of 


Moorfields, Westminster and Central Eye Hospital and of Dr. R. S. Murray, the radiologist. 
The helpful criticism of Sir Stewart Duke-Elder in the preparation of this paper is gratefully 
acknowledged. 

We wish to record our thanks to the staff of the Department of Medical Illustration, Institute 
of Ophthalmology (Dr. Peter Hansell and Mr. N. Jeffreys) for the photographs. 
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EXTRAMEDULLARY PLASMOCYTOMA OF THE ORBIT* 
OBSERVATIONS ON TWO CASES 


BY 
JOHN F. COGAN 


North Staffordshire Royal Infirmary, Stoke-on-Trent 


EXTRAMEDULLARY PLASMOCYTOMATA have been described as arising from 
most organs and tissues, but in spite of this they are still comparatively rare. 
The first case to be reported was by Schridde (1905). They are most com- 
monly found involving the upper air passages, but have occasionally been 
reported as arising from such sites as the stomach, ileum, lungs, lymph 
nodes, and thyroid gland. Various cases of plasmocytoma of the orbit 
have been described by Francois, Kluyskens, and Rabaey (1949), McEvoy 
(1949), and Jim (1955), and of the conjunctiva by Hellwig (1943), Wolff 
(1951), and Friedenwald and others (1952). However, a reasonable search 
throughout the literature of the last 20 years has resulted in the finding 
of only one description of a plasmocytoma of the lacrimal sac (Toselli, 1949). 

These tumours are chiefly composed of plasma cells which have a charac- 
teristic cart-wheel distribution of chromatin. The nucleus is eccentric with 
a paranuciear halo. The connective tissue is scanty and delicate. There 
has been much difference of opinion as to where these plasma cells arise. 
Some suggest that they are derived from the lymphocyte, others, that their 
origin lies in the early myeloid reticulo-endothelial cells. Jaeger (1942) 
thought that extramedullary plasmocytoma arose from plasma cells in the 
lymphatic tissue. 

An extramedullary plasmocytoma is localized and does not usually lead to 
metastases. In rare cases, however, metastases have been found in regional 
lymph glands and bone. Hellwig (1943) attempted to classify his series of 
cases into four types: 


(1) Non-cancerous single tumours; 

(2) Non-cancerous multiple tumours; 

(3) Cancerous tumours without metastases; 
(4) Cancerous tumours with metastases. 


The benign tumours were firm, yellowish-grey in colour, and with a homo- 
geneous cut surface. The malignant forms were soft, friable, and often 
necrotic. The histology of the latter showed greater variation in the size 
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and form of the cells and nuclei with more mitotic figures than the localized 


plasma tumours. 

Extramedullary plasmocytomata must be distinguished from plasma cell 
granulomata, which as well as containing plasma cells also contain the various 
cells of chronic inflammation. The stroma is more dense and the plasma 
cells tend to be grouped around capillaries. The lacrimal sac being com- 
monly a site of chronic inflammation, it is possible that both types of 
pathology may exist together. The problem may also arise whether a 
tumour consisting of plasma cells is an extramedullary plasmocytoma or 
merely part of the general manifestations of multiple myeloma. . It is with 
these points in view that the following cases have been reported. 


Case Reports 

Case 1, a 44-year-old man, attending the out-patients department in May, 1952, com- 
plaining of a swelling over the right eye for 3 months. Examination showed a soft 
non-pulsatile swelling just below the right supra-orbital margin. No definite limits to 
the tumour could be made out and it was not attached to skin. The globe was dis- 
placed downwards but the patient did not complain of diplopia (Fig. 1). The visual 
acuity of both eyes was 6/6, and the fundi normal. X-ray examination of the right orbit 
and sinuses showed no abnormality. The Wassermann reaction and Kahn test were 
negative, and the blood picture normal. Ear, nose, and throat examination revealed no 
involvement of the sinuses. 

His general health was good. 

Biopsy showed the swelling to be diffuse and of a greyish colour. No areas of necrosis 
or haemorrhage were noticed. 


Pathological Report (A. J. McCall): ‘‘ The tissue is highly cellular, most of the cells are uniformly 
round or oval and have a nucleus with a well-marked chromatin pattern. Many have the nuclear 
characteristics of plasma cells and there are small numbers of quite well differentiated plasma 
cells showing characteristic cytoplasmic basophilia. There are scattered reticulum cells. Reti- 
culin is fine and scanty and is confined to the capillary walls. The appearances are compatible 
with a plasmocytoma.” 

Laboratory Investigations.—Sternal marrow normal. Urinary examination showed no evidence 
of Bence-Jones protein. Plasma proteins: Total 7-9 g. per cent., albumin 5-4 g. per cent., globulin 
2:5 g. per cent. X-ray examination of skull, vertebrae, ribs, and pelvis normal. 


The patient was referred for radiation therapy. 

A periodical survey was undertaken, and over 4 years later, in August, 1956, the patient 
remained in good health. No evidence of the tumour could be found and no displace- 
ment of the globe was noticed (Fig. 2). The vision was 6/6 in both eyes, and the fundi 
normal. All investigations were negative. 





Fic. 1.—Case 1, on admission. Note marked Fic. 2.—Case 1, appearance 4 years later. 
downward displacement of right globe. 
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Case 2, a 64-year-old man, was first seen in February, 1955, complaining of pain around 
the left eye for several days. He also stated that he had noticed a swelling at the inner 
side of the left eye for 2 months and that the eye had a tendency to water. Examination 
showed that he was suffering from acute dacryocystitis. Visual acuity was 6/6 in the 
right eye and 6/18 in the left eye. His previous medical history revealed an abdominal 
operation in October, 1954, at another hospital; he was not quite sure of the purpose of 
this and as the two conditions did not seem related it was not followed up. After a 
course of systemic penicillin the acute stage settled down within a week, and he did not 
return to the out-patients department until a year later when he was found to have a 
large mucocoele of the left lacrimal sac discharging through a sinus below the internal 
canthus. He was advised to have the sac removed and a month later was admitted to 
hospital. 

At operation in May, 1956, a grey swelling was found replacing the lacrimal sac 
and extending in the direction of the naso-lacrimal duct. The mass was soft and necrotic 
and broke up into several pieces. After removal no bony defect of the lacrimal fossa 
could be found and the bone did not appear to be eroded. The sinus was excised and 
the wound closed. 


Pathological Report (A. J. McCall): ‘“‘One piece of the tissue is highly cellular and is formed 
of closely-packed plasma and plasmacytoid cells. The stroma is scanty and the appearances are 
compatible with a plasmocytoma. The remaining tissue shows subacute and chronic inflam- 
mation.” ; 


As the growth at operation appeared to be extending into the nose, the patient was 
referred for ear, nose, and throat examination, where an ulcerating mass was found in 
the left nostril. X-ray examination of the sinuses was normal. 


Laboratory Investigations —The blood count was normal, no plasma cells were seen. The 
blood sedimentation rate was 19 mm. per hour (Wintrobe). Repeated tests for Bence-Jones 
protein were negative. The sternal bone marrow was normal. Electrophoresis of the serum 
showed an abnormal protein band in the y-globulin region, but on fractionation by sodium 
sulphate precipitation the abnormal protein was precipitated with the f-globulin fraction. Total 
serum protein, 7-6 g. per cent., albumin 3-7 g. per cent., a-globulin 0-4 g. per cent., B-globulin 
including the abnormal protein 3-4 g. per cent., y-globulin 0-1 g. per cent. 

The Wassermann reaction and Kahn test were negative. X-ray examination of the skull, verte- 
brae, ribs, and pelvis showed no evidence of bony myelomatous involvement. 


He was referred for radiation therapy. 

In the meanwhile the case notes concerning the abdominal operation had been obtained, 
and it was found that he had attended the medical out-patients department in July, 1954, 
complaining of abdominal aching and flatulence associated with loss of weight and 
appetite. Examination had revealed an emaciated man with a mid-line mass palpable 
in the hypogastrium. Rectal examination was normal. He had a mitral systolic 
murmur, with blood pressure 170/110. Urine was normal. 

He had been admitted for investigation, and the blood count was normal, blood 
sedimentation rate 28 mm. per hour (Wintrobe), fractional test meal showed some reduc- — 
tion in total acidity and free HCI, faeces no occult blood, Barium enema no evidence of 
obstruction, x-ray of chest showed the lungs to be rather emphysematous. 

He had been referred to the surgical department where it was considered that the 
mass was arising from the colon, and at operation a large mass was removed from the 
transverse mesocolon. 


Pathological Report (A. J. McCall): “Tumour measures 9X55 cm. The centre of the mass 
is calcified. The periphery is composed of firm white gelatinous matter. It is formed of plasma 
cells. Mitoses are very infrequent. The appearances are indistinguishable from a plasmo- 
cytoma.” 
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Laboratory Investigations.—Urinary examination revealed no evidence of Bence-Jones protein. 
Total plasma proteins 6-5 g. per cent., albumin 3-1 g. per cent., globulin 3-4 g. per cent. 


He had been discharged in November, 1954, and examination a month later showed 
no evidence of recurrence. He had then failed to return for further observations. 

Periodical survey is now, however, in progress. Abdominal examination 2 years 
after removal of the mass in the mesocolon shows no evidence of recurrence. There 
are also no signs of recurrence at the site of the lacrimal sac. The fundi are normal and 
the vision corrects to 6/6 in both eyes. Although repeated investigations remain negative 
except for the hyperglobulinaemia, the patient is still somewhat emaciated and has not 


gained in weight. 
Discussion 

The first case described illustrates the solitary type of benign plasmo- 
cytoma. Cases have been followed for 5 to 10 years without evidence of 
recurrence or metastases. However, Hellwig (1943) states that a plasmo- 
cytoma may remain benign for 10 years or more and that without change in 
its histology the process may then become generalized. Piney and Riach 
(1955) followed a patient for 12 years, who then developed metastases in the 
bones and died. It is not known, when dissemination occurs, whether this 
is due to true metastases or to a multicentric origin. If the tumour is 
localized and confined to soft tissues, cure may be obtained by surgical 
excision or irradiation. Dolin and Dewar (1956) gave a survival rate of 
45-9 per cent. after surgical excision or radiation. 

The second case belongs to the group of cancerous tumours with meta- 
stases. The microscopical findings differ little from those in Case 1, but 
most authorities are now agreed that the microscopical appearances cannot 
be depended upon in predicting the clinical outcome, the macroscopical 
appearances and localization being more important criteria. The fact that 
considerable necrosis was present and that the growth had spread into the 
nose places Case 2 in the malignant group; these appearances also rule out 
the possibility that the swelling was a granuloma of the lacrimal sac. 

It seems likely that the primary arose in the transverse mesocolon, although 
the possibility that the growth in the lacrimal sac was of spontaneous origin 
cannot be definitely excluded, the patient having experienced lacrimal ob- 
struction only one month after the removal of the abdominal growth. 
Intra-abdominal plasmocytomata have been reported on only few occasions 
(Vasiliu and Popa, 1928; Vallone, 1930; Brown and Liber, 1939; Esposito 
and Stout, 1945; Couret, 1946; Arel, 1946; Schwander, Estes, and Cooper, 
1947; Gupta, 1953). In all these cases the gastro-intestinal tract was 
involved and obstruction was a marked feature. In cases where spread had 
occurred, it was the regional lymph glands that were affected, and no cases 
were reported where metastases had involved distant sites. The presence 
of the abnormal protein demonstrated by filter paper electrophoresis is 
evidence of residual deposits of growth. They may quite possibly be present 
in bone though not yet sufficiently widespread to be picked up by the marrow 
puncture needle. The outlook in this case is therefore poor, especially as 
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two separate tumours have been discovered. This case illustrates the value 
of the more refined chemical methods in giving a prognosis. 

In order to exclude multiple myelomatosis, tests for Bence-Jones protein, 
total serum proteins, the albumin-globulin ratio, electrophoretic determina- 
tion, sternal puncture, and x-ray survey of the skeleton must be carried out. 
In multiple myelomatosis, where the outlook is only about 2 to 3 years, 
the disturbance in the ratio of the plasma proteins is due to the specific 
secretory function of the plasma cells. However in extramedullary plasmo- 
cytoma an increase in globulin is sometimes detected. McEvoy (1949) 
described a plasmocytoma of the orbit in which the serum proteins were 
total 10-7 g. per cent., albumin 2-4 g. per cent., globulin 8-3 g. per cent. 
He thought this extreme hyperglobulinaemia to be suggestive of a diffuse 
myelomatous process. The Bence-Jones protein test distinguishes the 
protein present in the urine in cases of multiple myelomatosis from albumin; 
however, it is present in only 50 per cent. of cases. All such tests must be 
negative and the patient closely followed for a period of about 2 years 
before the tumour can be classified as an extramedullary plasmocytoma. 


Summary 


Two cases of extramedullary plasmocytoma of the orbit are described. 
The main distinguishing features between this condition, multiple myeloma- 
tosis, and chronic inflammation are reviewed. The value of electrophoretic 
determination is stressed. The tumour may be benign, locally malignant, 
or associated with metastases. When dissemination does occur it is not 
known whether these lesions are metastases or multifocal primaries. A 


guarded prognosis must be given. 

I am indebted to Mr. W. Murray for permission to publish these cases, to Mr. B. Carter for his 
E.N.T. opinions, and to Mr. J. S. Ramage for access to the general surgical details on Case 2. 
I am grateful to Dr. A. J. McCall for the pathological reports and for his advice and criticism. 
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PROGRESSIVE EXTERNAL OPHTHALMOPLEGIA* 
BY 
F, D. McAULEY 
London 


Tuis condition, in which the movements of the eyeballs tend progressively 
to diminish in amplitude, is usually accompanied by ptosis, and has an 
hereditary trait; it has been variously described as “‘Chronic Progressive 
Nuclear Ophthalmoplegia”, “Chronic Dystrophy of the External Ocular 
Muscles’’, “Ocular Myopathy”’, “‘ Familial Ocular Myopathy and External 


b 


Ophthalmoplegia”, “Progressive Muscular Dystrophy involving the Extra- 
ocular Muscles”, and so on. 

Kiloh and Nevin (1951):reviewed the literature on the subject giving an 
index of the 99 cases reported up to 1948, with a description of five further 
patients. Since then seventeen more cases have been described. 

Recent histological examinations have shown almost conclusively that the 
condition is of the nature of a muscular dystrophy (Kiloh and Nevin, 1951; 
Beckett and Netsky, 1953; Schwarz and Liu, 1954); this is opposed 
to the conception that the symptomatology results from degeneration 
of the oculomotor nuclei (Mobius, 1900; Wilbrand and Saenger, 1900, 1921; 
Langdon and Cadwalader, 1928a, b; Jedlowski, 1943). 

The following is a description of four cases. Histological examination of 
skeletal muscle biopsies from two of these patients would suggest that at 
least some, if not all, cases of progressive external ophthalmoplegia are in 
fact examples of a generalized muscular dystrophy, the clinical manifesta- 
tions of which are usually confined to the extra-ocular muscles. 


Case Reports 
Case 1, a female aged 40, attended in March, 1955, complaining of increasing ptosis 


during the previous 12 months. She stated that her mother (Case 2) had worn ptosis- 
props for years and that her maternal grandfather and great-grandfather had had similar 
drooping of the lids as well as a maternal uncle who had had an operation on his eyes 
some years previously. 

Examination—She was found to have a moderate degree of ptosis, the orbicularis 
muscles being of normal strength. The eyes were in visual alignment, but there was an 


absence of elevation of the eyeballs, and downward and lateral gaze was restricted to 
about half of the norma) amplitude; diplopia had never been a symptom. Intramuscular 


injection of prostigmine had no effect on the eye movements. The pupil reactions were 
normal and the eyes were otherwise healthy (Fig. 1, opposite). 


Visual acuity varied but could never be improved beyond 6/18 in either eye and the 


* Received for publication August 24, 1956, 
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Fic. 1.—Case 1, eyes in primary position. 


fields were concentrically contracted; this contraction altered from time to time, sug- 
gesting the possibility of a functional element. 

No abnormality was found in the central nervous system. The Wassermann reaction 
was negative. X-rays of chest, skull, and optic foramina showed no abnormality. 

Her previous history disclosed that she had had a “‘nervous breakdown” 10 years 
previously, several Bartholin’s abscesses, and a fistula-in-ano had had attention in 1949. 
In 1952 she complained of infertility and difficulty with intercourse and at that time she 
was awaiting admission to another hospital for an operation to the cartilage of her left 
knee. No abnormality was found on pelvic examination, nor was any local cause found 
for alleged urinary incontinence of which she complained in 1953. Ligation of the 
saphenous veins was performed in June, 1955, and at the same time the opportunity was 
taken to excise portions of the pectineus and inferior oblique muscles for biopsy. The 
history suggests a mental instability which would explain the apparently lowered visual 
acuity and field constriction. 


Histological Report: 
“* Section 16313 (left inferior oblique muscle) shows muscle tissues with variation in size of 


the fibres. Many have lost their striation, are swollen, irregular, and stain a homogeneous 
pink or pale blue, and show proliferation of sarcolemmar nuclei, but healthy fibres are present. 
Fat and fibrous tissue separate many of the fibres. Special staining for nerve fibres shows no 
abnormalities; in these sections there is a marked granularity in the degenerate muscle fibres. 
Section 16314 (pectineus muscle) shows less extensive changes, but some of the fibres are 


undergoing hyaline degeneration with Joss of striations. 
The histological picture favours progressive ophthalmoplegia as a form of muscular 


dystrophy.” 

Case 2,a female aged 64, mother of Case 1, gave a history of increasing ptosis for 14 to 
16 years. She had had an operation for the correction of the left ptosis some years ago, 
but had been in excellent health otherwise. 

Examination in April, 1955, showed well-developed ptosis, more marked on the right 
side where the pupil was practically obscured. Her eyes were in alignment for distance 
and, although converging power was absent, she experienced no diplopia. There was 
no elevation of the eyeballs, and depression and lateral movements were very restricted. 
The pupils were moderately sluggish. There was some calcareous change in the left 
cornea, resulting from an injury by a pillow-slip some years earlier, which reduced vision 
in this eye to 6/36. Visual acuity in the right eye (corrected) was 6/6. The eyes were 
otherwise healthy. 

General physical examination did not disclose any other muscular or neurological 
abnormality. The patient was estimated to be of normal intelligence. 

There were no notes available about this patient’s brother, father, and grandfather who 
were evidently similarly affected, but her son, aged 24 (brother of Case 1), was examined 


and showed no ocular abnormality. 
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Case 3, a female aged 64, stated that her eyelids had drooped since childhood and that her 
mother had been similarly affected. 


Examination in August, 1955, showed that the ptosis did not interfere markedly with 
her vision, the eyelid margins clearing the visual line by about 2mm, The eyes were in 
alignment, but movements in all directions were defective, with no power of elevation 


above the horizontal (Fig. 2a-f). 






Fig. 2a.—Case 3, eyes in primary position. FiG. 2d.—Eyes deviating to the right. 
Fic. 2b.—Eyes in primary position (close-up). Fic. 2e.—Attempted elevation. ‘ 
Fic. 2c.—Eyes deviating to the left. Fic. 2f.—Attempted depression. 


There was no diplopia. Intramuscular injection of prostigmine failed to influence 
the ocular movements. The visual acuity and pupils were normal, and there was no 
other apparent ocular disease apart from some retinal arteriosclerosis. The patient was 
quite fit for her age and general physical examination revealed no abnormality. Her 
intelligence was within normal limits. 

Two daughters, aged 40 and 17, and a son, aged 31, showed no evidence of ptosis or 
ophthalmoplegia. 

Case 4, a male aged 42, gave a history of drooping eyelids for 4 or 5 years, though he was 
not very certain about the time of onset. 

Examination:—On June 15, 1956, he had bilateral ptosis, the lid margins half obscuring 
the pupils of each eye. The ocular movements were restricted to approximately one- 
sixth of the full amplitude, elevation being the most markedly affected. There were 
fine oscillating movements of the eyes in the primary position, and the patient was 
conscious of diplopia “only when he stared at an object for a considerable length of time”. 
The pupil reaction was somewhat sluggish to light stimulation the left pupil reacting less 
briskly than the right. Visual acuity was 6/18 in each eye, with correction for myopia, 
the reduced vision being due presumably to the fine oscillations. General physical 
examination did not disclose deféctive action of any other muscles. 
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His intelligence appeared to be below average although he was capable of carrying out 


satisfactorily his work as a porter. 
Histological Examination:—The \eft deltoid muscle was reported as showing “a few healthy 


fibres, but many of the fibres are swollen and separated by clear spaces, the cross striations 


of the myofibrillae are only faintly visible and stain a homogeneous pink except for a few 


irregular pale blue areas. Some of the fibres show proliferation of the sarcolemmar nuclei. 
No Nerve tissue is apparent in the plane of the sections examined. The histological picture 


is suggestive of a muscular dystrophy and closely resembles the histological picture of an 


ocular muscle biopsy from another case of progressive ophthalmoplegia.”’ 


A further biopsy of the overlying skin and subcutaneous tissues showed extensive 


hyalinization and fibrosis of the sub-epithelial tissues. 
Discussion 

Kiloh and Nevin (1951) state that, in one-quarter of the recorded cases, 
various other muscles have been shown on physical examination to be 
involved, and that with very few exceptions these have always included the 
orbicularis oculi. Histological examination of a biopsy from the vastus 
lateralis of their Case 1 showed no gross abnormality, but there was definite 
proliferation of the sarcolemmar nuclei and in places these were arranged 
in short chains. This patient had some weakness and wasting of the muscles 
of the upper limbs and the upper part of the trunk, but there was no evident 
clinical abnormality of the remaining trunk and lower limb muscles. 

In Cases | and 4 above there was no clinical evidence of abnormality of 
the skeletal muscles, nor of the orbiculares oculi, and yet biopsy specimens 
from the pectineus of Case | and from the deltoid of Case 4 showed changes 
closely resembling those found in the eye muscles of patients with pro- 
gressive external ophthalmoplegia. It was not possible to obtain biopsies 
from Cases 2 and 3, but, as Case 2 showed the same clinical picture as her 
daughter Case 1, it may be presumed that a similar histological picture 
might be found on examination. 

These findings suggest that while the clinical signs may point to a disease 
restricted to the ocular muscles, progressive external ophthalmoplegia is in 
fact due to a generalized muscular dystrophy manifested to a greater or 
lesser extent in the external muscles of the eye. It is suggested that in 
further cases of this disease histological examinations should be made of 
skeletal muscle biopsies to determine whether these show changes of a 
dystrophic nature. It may also be significant that Cases 1 and 4 in whom 


the visual acuity could not be improved beyond 6/18 in either eye, were both 
adjudged to have subnormal intelligence. 


Summary 

Four cases of progressive external ophthalmoplegia are described. Histo- 
logical evidence suggests that the dystrophic changes are not confined to 
the extra-ocular muscles, despite the lack of clinical confirmation. It is 
suggested that biopsies of the skeletal muscles of cases presenting with this 
affection should be performed, in order that further light may be thrown 
upon it. 
20 
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I wish to record my thanks to Mr. E. F. King, under whose care two of the patients were 
admitted to arfields Eve Hi Hosp val c iC me 4 and 10 Dr. Cy. “I Claas = ad Sn the case 
notes at Moorfields Eye Hospital of Case 4, and to Dr. Case 3 

am also indebted to Dr. N. Ashton and Dr. P. B. Schofield of the Department of Pathology, 
Institute of Ophthalmology, London, for the histological reports, and to D - Hansell of the 


Department of Clinical Photography, Westminster Hospital, ‘for the photographs. 
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EPIDEMIC KERATO-CONJUNCTIVITIS IN CEYLON* 


BY 


LLOYD M. WEEREKOON 


General Hospital, Galle, Ceylon 


EPIDEMIC KeTalo-conjunctivitis is the name given by Hogan and Crawford 
(1942) to a disease-complex that has been described by various authors as super- 
ficia) punctate keratitis (Fuchs, 1889, 190)), sub-epithelial keratitis (Ader, 


1889), macular keratitis (Reuss, 1889), and nummular keratitis (Dimmer, 
1905). In Ceylon it has been, and still is, referred to as keratitis 


TABLE [I 


OCCUPATIONAL INCIDENCE 
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Occupation hater 
Paddy Cultivator | 77 
Cinnamon Peeler 2 
Rubber Tapper ... 2 
Weaver | l 
Farm Girl Seco a 1 
Domestic Gu ee 1 
Taxi Driver | 
Estate Conductor | | 
Postal Messenger 1 
Clerk | 1 
Teacher . | 2 
Doctor ign | 1 
| Females | 4, 
| (over 21 yrs) 
No Occupation 7a PSS 
(under 21 yrs) | 








Total See sta es aS | 134 





superficialis tropica or Herbert’s kera- 
titis, though the bacillary theory of its 
causation put forward by Herbert (1931) 
has since been abandoned in favour of 
the view that it is a virus infection 
(Wright, 1930, 1937, 1944; Sanders, 
1942; Sanders and Alexander, 1943; 
Sanders, Gulliver, Forchheimer, and 
Alexander, 1943). More recently, how- 


ever, the work of Cockburn (1953, 1954) 


and Cockburn, Nikowsky, Robinson, 
and Cheever (1953) appears to cast 


some doubt on the presence of a specific 


virus as the aetiological factor. 

The condition is referred to locally 
by the Sinhalese as ‘mull-pola’, a term 
rather descriptive of the flower-like 


designs on the cornea at one stage of 
the disease. 


INCIDENCE 
OccuPaTION.—In Ceylon the disease 
is to be found chiefly amongst the rural 
population of farmers and cultivators. 


Of this series of cases collected over a 
period of 2 years, 57 per cent. were 


paddy-cultivators (Table I)... It is also 


found amongst other workers on the land: farm-girls, gardeners, and even 
housewives who potter about in their little gardens. 





* Received for publication July 17, 1956. 
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The disease is not limited to workers on the land. This series includes 
white-collar workers, and children from various grades of society (sons of 
doctors, teachers, and station masters) who do not work on the land except 
in so far as they play in their own home-gardens. The doctor who attends 
an eye-case is as liable to infection as the artisan. 


SEASON.—Paddy cultivation is carried out throughout the year in Ceylon. 
There are two major harvesting seasons: the Maha crop sown in September 
and reaped in February-March, and the Yala crop sown in March-April 
and reaped in August, the former being the larger and more important. The 
land is ploughed and irrigated before the paddy is sown, and it is at this time 
when the cultivator turns over the land, either with the primitive ‘mammoty’ 
(a hand implement for digging up the earth), or with buffalo and plough, 
that he is liable to infection. The muddy water may splash directly into his 
eye, or he may be infected by finger contamination. The numbers seeking 
treatment at the Eye Clinic rose considerably during the early part of the 


season (Table II). 
TABLE II 


SEASONAL INCIDENCE 





| Total 





Month if 

No. of Cases || 9 | 11 | 9 | 3 | lie 2 rte | 12 | 16 | 134 
a 
| 67 | 82 | 6-7 | 2-2 | 11-2/ 11-9] 15 | 5-2) 8-2 74 8-9 119 | 100 
| | | | 





T 
Jan. | Feb. | Mar. Apr. | May June | July | Aug. |Sept. | Oct. | Nov. | Dec. 























Percentage ... 

















AGE.—As is to be expected in a primarily occupational disease, the con- 
dition is more often encountered amongst young adults, the breadwinners 
of the family. The appearance in children (already referred to), and in 

women who have not 
nt ‘tended the fields’ strongly 
AGE AND SEX DISTRIBUTION suggests an infection that 


can as easily spread by 






































Son | Male | Female | Towa vet Total finger contamination. In 
er | a aaa | = “ee this series, the youngest 
| | | patient was a child of a 
0-19 | 9 | 10 | 19 | 141 little more.than a year old, 
jer | re ee | 246 and at the other extreme 
| | ; were patients in theseventh 
7 | © | % | 61 decade of life (Table III). 
| 19 | 2 | 14 186 
eo wm ee | . | “ SEx.—Male cases far ex- 
ceed female cases. Apart 
es es | 8 | 5-9 from women who assist in 
| 98 | 36 | 134 | 100 the fields and are exposed 


to the same occupational 
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risks, school girls and ‘stay-at-home’ wives were possibly infected by finger 
contamination. The majority of the population in Ceylon is rural, and 
though one member of the family may become a white-collar worker or enter 
one of the professions, the rest of the family remains rural in outlook and 
habits of life. The well in the backyard, the kitchen garden, and the neigh- 
bouring paddy fields, all keep the family within a rural environment (Table IID). 


CLINICAL PICTURE AND NATURAL HISTORY 


The usual cause is getting some mud or muddy water into the eyes while 
at work in the fields. A few days later the eye turns red and irritable with 
a fair amount of epiphora. Visual acuity is unaffected at this stage of con- 
junctival injection and irritation, and the victim is more likely to seek the 
usual home remedies or consult the local Ayurvedic physician.* 

By the end of the week, the conjunctival injection has become a mild 
conjunctivitis causing a sticky eye in the mornings. The irritation has now 
increased, and loss of visual acuity is noticed. It is usualiy at this stage that 
the patient reports at the Clinic for treatment. A fine punctate keratitis is 
now apparent, the punctate areas appearing as rough points on the corneal 
surface interrupting the normal smoothness of the epithelium. Some of 
them have broken through the surface layers of the epithelium and may be 
stained. At a later stage, these ‘spots’ enlarge into dull, grey areas varying 
from 1 to 3 or 4 mm. in diameter. They are seldom larger unless the dis- 
crete spots have coalesced. Some appear as irregular haloes or flattened 
smoke-rings; these are usually subepithelial in position, and do not stain. 
Irritation has by now subsided, and the only complaint is that of visual loss. 
The eye is now more or less white, though only a week or two earlier it was 
red and sore, with rather swollen eyelids. 

The final picture is one of several corneal opacities in a white eye, rather 
like the end-result of a mild phlyctenular keratitis once the corneal vascularity 
has subsided. The opacities remain for many years, if not indefinitely. 
Epidemic kerato-conjunctivitis in Ceylon is a blinding disease. 

The progress of an untreated case is as follows: 

Stage 1. Conjunctival injection with epiphora passing into a mild conjunctivitis. 

Stage 2.—Fine keratic spots on the surface, increasing in size. Red sore eye without 

discharge. Visual loss. 

Stage 3. Eye whitening. Obvious subepithelial grey areas. No irritation. Marked 

visual loss. 


Stage 4. Coalescence of these areas. Opacities thicken. Macules appear. Eye 
white. Visual loss usually irremediable. 


TREATMENT . 


In this series of 134 cases, various antibiotics were employed. Unfor- 
tunately, as is common amongst an ignorant and superstitious community, 





* Ayurveda is the ancient system of medicine of the East that is firmly established in Ceylon, especially amongst the 
rural population ; it is always resorted to in the first instance in preference to Western medicine. 
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treatment was not always persisted in, and after two or three visits the 
patients often fell back on ill-informed Ayurvedic practitioners or resigned 
themselves to their fate. Dramatic successes appear to indicate that a cure 
is likely if the case is treated steadily from a reasonably early stage. 

Of the antibiotics employed in this investigation, aureomycin appeared to 
be the most satisfactory. When combined with local cortisone, it gave 
excellent results. Terramycin was used in a relatively few cases, with good 
results. Chloramphenicol was not so effective. The ‘sulpha’ drugs were 
also tried, in ointment form as well as in drops; these had a few successes 
(probably attributable to the combined Dionin), but the results were un- 
satisfactory as a whole. In all cases, patients were instructed to treat their 
eyes four times a day. 

Cortisone, either as ointment four times a day or given subconjunctivally 
in doses of 10 mg. weekly, did not bring about a cure per se, but assisted in 
controlling the spread of the infection, and helped in removing the opacities. 

When treated before Stage 3 had set in, recovery was usually complete 
within a week, and few corneal opacities remained. Treatment at Stage 3, 
however, was very protracted. The eye appeared to have adapted itself to 
the infection, and treatment was not always successful, though persistent 
efforts for from 4 to 6 months did restore vision to normality or near- 
normality in a few cases even at this late stage (Table IV). 

TABLE IV 
RESPONSE TO TREATMENT. 






































| Successful 
Drug | esaag Unsuccessful Follomup 
Fully Partially 
Aureomycin vee ee 57 23 3 0 31 
Terramycin ike is 7 6 0 0 1 
Chloramphenicol... ... RRS ee 9 3 36 
Sulphacetamide Ointment ate | 3 0 1 3 
Drops ... | $e 0 0 0 5 
Cortisone alone ... ac, | 1 | 1 | 0 | 0 0 








Fully successful = 6/6 or 6/9. Partially successful = less than 6/9. Unsuccessful = eye white, corneal nebulae present. 
Vision not improved, but condition static. 


It would appear that before Stage 3, aureomycin alone should be employed 
to control the infection. By the end of the second week of treatment, 
cortisone as supplementary therapy should be introduced if any punctate 
areas are present. If the patient is first seen after this stage, when the eye 
is white and the inflammatory reaction has more or less subsided, the anti- 
biotic and cortisone should be combined. 
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SUMMARY 


Epidemic kerato-conjunctivitis is an occupational disease, found chiefly 
amongst the paddy-cultivators. It is also a blinding disease, whereas in the 
United Kingdom and Europe’ it is self-limiting. 

Fortunately, if treated early, it responds to the common anti-viral drugs, 
aureomycin and terramycin, and to a lesser degree to chloramphenicol. 
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EFFECTS OF CONTACT LENSES ON SHORT-WAVE 
FIELD DISTRIBUTION* 


BY 
BRYAN O. SCOTT 
Department of Physical Medicine, Radcliffe Infirmary, Oxford 


BOTH THE practice of fitting contact lenses and the application of short-wave 
therapy to the eye or surrounding tissues are becoming increasingly wide- 
spread. It is thus necessary for those concerned with either of these 
procedures to understand the interrelated effects. It was decided to investi- 
gate the effects of contact lenses upon the short-wave field and to elucidate 
the attendant risk if any. 


Method 
Phantom loads were constructed by embedding perspex contact lenses with and 
without standard perforations at the limbus in a 2 per cent. agar agar gel plate 
which contained a heat indicator (AgIHglI,). Great care was taken with the lenses 
having perforations to see that the aperture was both filled and level with the sur- 
face of the agar plate. A short-wave condenser field was applied through the 
phantom both antero-posteriorly and laterally in relation to the lens. 


Results 

The heating patterns obtained in lenses with perforations are represented 
in Figs 1 and 2. 

In the antero-posterior position the pattern shewed that the current 
divided in front of the lens and rejoined approximately 2 cm. behind it, 
suggesting that the lens behaved as a partial screen. In the lenses with a 
perforation there was heat concentration in and about this (Point P, Fig. 1). 

Application of the field laterally appeared to have little effect upon the 
normal heating pattern, except that there was reduced heat production in 
the corneal recess (CR, Fig. 2). 




















Fic. 1.—Field applied in antero-posterior plane. Fic. 2.—Field applied in lateral plane. Little 
Heat concentration occurs at perforation (P). heating occurs in area CR. 





*Received for publication July 9, 1956 
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Discussion 

These results suggest that, when the contact lens is in situ, the application 
of condenser field short-wave diathermy to the eye in the antero-posterior 
plane will result in inefficient heating through screening by the corneal and 
haptic portions of the lens. Secondly, current concentration at the perfora- 
tion can occur, with subsequent overheating in the region of the ciliary body 
and possible serious consequences. Thirdly, even with lateral application, 
which is an inferior technique, some screening would occur in the anterior 
chamber. 

A corollary, which was suggested by Sarwar (1956) in this connexion, is 
that the efficiency of short-wave therapy in orbital cellulitis might be in- 
creased by fitting a contact lens, without a perforation, during treatment. 
This would tend to encourage increased current around the eye with more 
efficient heating of the peri-ocular tissues, but if this effect is not required it 
appears desirable to remove contact lenses during the application of short- 
wave therapy to this area. 


REFERENCE 


Sarwar, M. (1956). Personal communication 
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METHOD OF CUTTING LAMELLAR GRAFTS* 


BY 
P. SIVASUBRAMANIAM 


Victoria Memorial Eye Hospital, Colombo, Ceylon 


CUTTING a lamellar graft from an intact eyeball is a relatively simple matter, 
but it is not always possible to secure whole eyes for grafting, and cutting a 
lamellar graft from an isolated disc of cornea is out of the question unless 
it is clamped on to a suitable device. Williamson-Noble (1952) suggested 
sewing the cornea on to the convex end of a finger from a rubber glove 
stuffed with Dunlopillo rubber. 

I have found the following a satisfactory procedure. A vacuum flask cork 
stopper is shaped to a convex dome with a razor blade and sand-paper. The 
dome is sterilized by boiling, and the disc of cornea is fixed to it by four 
small office pins. The cornea is then trephined and the lamella is shaved off. 

The advantages of this method are that pinning the cornea on to the cork 
is easier and quicker than sewing it and the fixation is firmer. 

The plastic or bakelite bases of these stoppers, which do not withstand 
boiling, may be cut off with a knife. The same cork dome may be used 
again and again to cut penetrating grafts from isolated discs of cornea. 

REFERENCE 
WILLIAMSON-NOBLE, F. A. (1952). British Journal of Ophthalmology, 36, 221. 





* Received for publication July 20, 1956. 
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METHOD OF REMOVING WOODEN SPLINTERS 
FROM THE CORNEA* 


BY 
J. MOSS 


Birmingham United Hospitals and Birmingham Eye Hospital 


Tus case was thought to be worth recording as a search through the literature 
revealed no description of the method used. Only one reference was found 
dealing with the removal of wooden splinters from the cornea (Weber, 1949). 


Case Report 

The patient was a carpenter and first presented himse)f as an out-patient at Leamington 
Spa Hospital in February, 1956. He stated that while fitting a door frame, and ham- 
mering nails into it, he felt something go into his eye. 

Examination A wooden splinter was present in the cornea and could be seen easily 
with the slit lamp. It was situated in the centre of the right cornea and its anterior end 
was about half way between the epithelium and endothelium. The posterior end pro- 
jected into the anterior chamber and about two-thirds of the tota) length of the spiinter 
was in the anterior chamber (Figure). The splinter was directed at the centre of 
the Jens capsule (A). 


TN See 


FiGuRE.—Diagram of position of splinter and insertion of keratomes. 


A. Perforating track with splinter. 
B, Jaeger keratome. 


C. Second keratome enlarging incision upwards in direction of arrow. 
D. Outline of pup). 
E. Fixation point. 


Treatment.—The eye was fairly quiet and it was decided to try conservative treatment 
for a time. Guttae atropine 1 per cent., guttae cortisone | per cent., and guttae pent- 
cillin were given, but whenever treatment was stopped the eye became injected. 





* Received for publication August 8, 1956. 
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In May, 3 months later, the patient was referred to the Birmingham and Midland Eye 
Hospital. The fundus could be seen easily and there was no evidence of any damage to 
the lens. The visual acuity in the right eye was 6/12 unaided. An x-ray of the right 
orbit excluded a metallic foreign body. The consultant surgeons’ opinions were sought, 
and it was thought that the foreign body should be removed. 

An unsuccessful attempt was made to remove it on May 24, by endeavouring to lay 
bare the anterior end of the splinter and grasp it with forceps. This is essentially the 
method used by Weber (1949), with the difference that he used two von Graefe knives to 
grasp the splinter. In this case, however, the anterior end of the splinter was too deep. 

Operation.—On May 28 miosis was achieved with guttae diisopropyl fluorophos- 
phonate 0'2 per cent. and the next day an incision was made with a Jaeger keratome 
at 9 o'clock (B). This caused the pupil to dilate to a small extent. The keratome was 


therefore passed right across the anterior chamber to rerain as a protection for the lens. 


A narrower Keratome was then inserted into the wound (C) and an enlargement made up 


to {1 o’clock. This allowed sufticientoom for a pair of straight non-toothed iris forceps 


to be introduced into the anterior chamber in front of the Jaeger keratome. The splinter 
was grasped in these forceps and removed. Guttae atropine 1 per cent. and guttae 
chloramphenicol 0-5 per cent. were instilled, and the patient was returned to the ward 
with a pad and bandage. 

Result —The keratome incision healed well, but an opacity developed just central to 
it. This was due to the rather large extent of the incision, and cleared in a day or two. 
The perforating track also healed with no trouble. There were a few cells in the anterior 
chamber for a day or two, but these quickly disappeared. No lens opacities developed 
and on discharge on June 9, the fundus could be seen well and the visual acuity with a 
pinhole was 6/12, with considerable astigmatism. On June 20, the eye was quiet ana 
the lens was clear. Visual acuity after refraction was 6/9 with - {Dsph., + 3Dcyl. at 90°. 

My thanks are due to Mr. P. Jameson Evans for his co-operation and assistance with the 
operation, and to Mr. C. Rudd and Mr. M. Smith, whose case the patient was. 
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APPLIANCES 


CERTAIN MODIFICATIONS IN MINOR 
LACRIMAL INSTRUMENTS*+ 


BY 
JOHN FOSTER 


General Infirmary, Leeds 


THE syringing and probing of the tear duct is often handed over in hospitals 
to juniors, and as a result any complaints about instruments are apt to be 
regarded as a sign of inexperience. The therapeutic effectiveness of the 
methods in adults are in any case open to argument, but there is no doubt 
of their diagnostic value and they can be facilitated in execution by the 
use of the following slight modifications in the instruments employed: 

(1) Cannula.—The lacrimal 
syringe cannula should be nar- 
rowed to -55g mm.( =248.W.G.) 
diameter and shortened to 2” in 
length. 

It should be attached (as has 
been standard practice in Amer- 
ica for a long time) to a Luer- 
Lok syringe which prevents 
“blow-back” (Fig. 1). 

(2) Punctum Dilator—This should be made of stainless steel, as brass ones 
become blunt and “ non-stainless”” ones rust. It should have added to its opposite 
end 4 very fine pointed dilator for dilating minute puncia; this was described 
by Percival Hay some years ago as a “finder”. The fine point is protected 


by 4 screw-on cap (Fig. 2). 





~ Fig. ,—Luer-Lok type lacrimal cannula. 





i No Fic. 2.—Punctum dilator with cover for sharp end. 





‘ * Received for publication July 23, 1956. 
+ These instruments have been made for me by Down Bros., and Mayer and Phelps Ltd., 32 New Cavendish Street, 


London, W.1. 
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(3) Probes.—These have been made of stainless steel which keeps its form during 
and after use and is better than the conventional silver. They should be modified 


to the form employed by Maddox in his hollow suture-passing probe. This has 
a grooved disc-shaped handle which can be firmly held by the finger tips and 
controls the movements of the probe in three dimensions much better than 
the small plate on the usual more or less straight probe (Fig.3). The probe 


with the Maddox curve seems 
to find its own way with much 
less conscious manipulation 
than the Bowman or Liebreich 
type. Itcan be used on babies 
as well as on adults and is 
particularly convenient for de- 
fining the internal punctum 
in dacryocystorhinostomy. 
Owing to the existing confu- 
sion in the standardization of 
probe sizes, the obverse side 
of the handle has been marked 
with the diameter in milli- 
metres. The diameters range 
from 0°6 mm, at intervals of 











Fic. 3.—Stainless stee) Jacrimal-duct probes (0°6 and 1-4 


mm. diameter). 


0-2 mm. to 1-4 mm., which is the greatest size to which the punctum can be dilated. 
06 mm., 0-8 mm., and 1-0 mm. probes are much more useful than the larger 


ones as it is rare to find a punctum which will sustain full dilatation without 


rupture, 
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BOOK REVIEW 


Encyclopédie médico-chirurgicale (Sect. ophtal.). Founded in 1929 by A. Lafont and 
F. Durieux. 1956. Encyclopédie Medico-Chirurgicale, Paris, 6. 

This encyclopedia of Medicine and Surgery, two volumes of which are devoted to 
ophthalmology, is designed on a large scale and covers 27 different subjects. 

The ophthalmological section has 41 contributors, chosen for their special knowledge 
of each subject. Although theoretically ideal, such a division of labour inevitably 
produces unnecessary duplication and unevenness of style. 

The first difficulty in reviewing these volumes is to decide for whom they have been 
written. The contributions, though up-to-date, are hardly sufficiently detailed for the 
practising ophthalmologist and yet are too detailed for the general practitioner. Prob- 
ably the work would appeal most to the student of ophthalmology, and for him it would 
provide a useful introduction to the subject. 

The material is presented in a straightforward manner with good descriptions of 
symptomatology and diagnosis. Treatment is discussed only in general terms in most 
of the sections, and little detail, particularly of operative procedure, is included. Useful 
bibliographies are given ai the end of each chapter. 

Chapters on the radiography of the skull and orbit and on medico-legal ophthalmology 
are included. 

The books are very well printed on good quality paper, and the reproduction of the 
illustrations is excellent, but unfortunately many of the photographs show too little 
detail to be of value. 

A loose-leaf format has been chosen so that new material can be added subsequently. 
Again an excellent idea in theory, but necessitating heavy covers with a spring back, 
which combined with the large size (13 x 12 in.) and great weight (12 lb.) make the volumes 
very unwieldy and tiring to handle. 


OBITUARY 


GABRIEL-PIERRE SOURDILLE, 1901-1956 


GABRIEL SOURDILLE’s Output of work was so prodigious that his friends often wondered 
how long he could keep up the pace. When the news of his rapid end came through, 
they thought he must have been smitten by coronary thrombosis, that bane of over- 
burdened doctors. In fact his death arose from a malady of unknown origin. As the 
years pass on, those who cherish Gabriel’s memory may perhaps find some consolation 
in the thought that our grievous loss probably could not have been averted by curbing 
his activity or by any other expedient; but at this stage one can only feel dismay coupled 
with profound sympathy for those who have most reason for grief. 

Gabriel-Pierre Sourdille was born at Nantes in 1901, the son of Gilbert Sourdille, 
sometime Professor of Clinical Ophthalmology and Director of the Nantes School of 
Medicine. He went to school in Nantes, and stayed there for preliminary medical 
studies. Then followed 10 years of hard apprenticeship in Paris, during which his 
Doctor of Medicine thesis won the silver medal award. He filled various resident posts, 
and was inspired by Professor Clovis Vincent to delve deep into the problems of neuro- 
ophthalmology. The technique of cataract extraction constantly interested him, and he 
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revelled in the intricacies of glaucoma pathology. As one of the foremost exponents of 
corneal grafting, he visited the U.S.A. and Canada in 1947 and in 1949 to discuss the 
work. He and his friend Paufique stimulated each other to advance the technique in 
this most delicate branch of surgery, and on one memorable occasion in Nantes Sourdille 
was able to ‘Stage a surgical programme attended by many of the highest grafting experts 
from Europe and the U.S.A. His eminence in this field was achieved by enthusiasm 
together with zealous attention to surgical detail. Furthermore his photographic skill 
furnished magnificent illustrations for the talks which he gave at congresses. 





In 1937, a few years after he had returned from Paris, he became Professor of Clinical 
Ophthalmology at the Nantes Medical School. Naturally the war interrupted many of 
his researches, and for years he had to work under terrible conditions, but his fertility of 
invention was never quenched. After the war he contributed first-rate papers at con- 
gresses held in Belgium, Great Britain, Egypt, Greece, Italy, South America, Spain, 
Tunis, and Yugoslavia. His links with Greece were strengthened by a lasting friendship 
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with his former pupil Charamis of Athens. At the glaucoma discussion during the 
International Congress of Ophthalmology held in New York 2 years ago he delivered 
one of the opening papers, and he participated in the Glaucoma Symposium over which 
Sir Stewart Duke-Elder presided at Sainte Marguérite, Canada, in September, 1954. 

As a surgeon he was swift, gentle, and dexterous, capable of doing a dozen major 
operations, including corneal grafts, scleral resections, and cataract extractions without 
evincing fatigue. His routine examinations would often continue until 10 or 11 o’clock 
at night. He has been known to drive himself through the night from Paris in the midst 
of the French Society meeting, get through a mass of operative and consulting work, 
and then drive back to Paris in time for the rest of the congress, still smiling and full of 
energy. Early in his career he set himself to enunciate clearly, so that his discourses 
were supremely easy to understand, even by foreigners knowing little French. He was 
small but powerful, abundantly endowed with the resilience of the Breton. Otherwise 
he would never have been able to fulfil his programme. It is remarkable that, side by 
side with all his original observations and day-to-day practice, he contrived to do so 
much teaching as well as university and municipal administration. He was also a 
tremendously keen sailor, and presided over the Cercle Nautique at La Baule. 

Many distinctions were conferred upon Sourdille by his compatriots and by other 
countries. As the full list of these honours can be found in French journals, it need not 
here be repeated, but our special gratitude for his goodwill towards Great Britain must 
now be emphasized. In 1946, when the flow of ophthalmologists across each other’s 
frontiers was resumed after long stoppage by war, Gabriel could speak very little English, 
although he read our language with ease. Within the next few years he trained himself 
to talk fluently, and was one of the most popular visitors at the Ophthalmological Society 
of the United Kingdom and at the Oxford Congress. He loved to dwell upon the close 
affinity of race and custom between Bretons and Cornish people, and one of his endearing 
hobbies was to assemble different editions of The Pickwick Papers. Many of us can recall 
with gratitude his hospitality at Nantes and La Baule, and he was freely at the disposal 
of visitors, whether singly or in groups, who came to watch his brilliant surgery. 

The menhirs and cromlechs of Brittany, together with many other historical signposts, 
point to eras of civilization emerging long before the Roman legions came to this part of 
France. Gabriel was deeply imbued with all these traditions of the province, and his 
pride in being a Frenchman was not in the least incompatible with a particular reverence 
for Brittany. Moreover he did most strikingly exemplify the closeness of family ties in 
France. At the French Ophthalmological Society Congress in 1948, he played a main 
part in the Rapport about corneal grafts. There sat his father at the front of the great 
auditorium, listening with proud intentness. At the end of his discourse Gabriel’s first 
action, after stepping down from the platform, was to exchange salutations with his 
father. It ali happened quickly and without ostentation, but it symbolized his filial 
allegiance. To his son and three-daughters, and most of all to his wife, who so devotedly 
identified herself with all his interests, the readers of this journal extend sincere sympathy. 
They will remember Gabriel Sourdille not only for his eminence in ophthalmology, but 
also by reason of his courage, versatility, and genius for friendship. 

J. H. D. 
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COMMUNICATIONS 


PERMEABILITY OF THE CORNEA AND THE BLOOD- 
AQUEOUS BARRIER TO OXYGEN* 


BY 
KATHLEEN HEALD anp MAURICE E. LANGHAM 


From the Ophthalmological Research Unit (Medical Research Council), 
Institute of Ophthalmology, University of London 


INTEREST in the permeability of the cornea to oxygen arose out of recent investi- 
gations on corneal metabolism and the influence of metabolism on the hydration 
of the tissue. Langham (1952) reported that the concentration of lactic acid in 
the cornea varied inversely with the oxygen tension in the tear film and concluded 
that oxygen obtained directly from the atmosphere was utilized by the cornea, 
and that the oxygen entering from the bloodstream and the aqueous humour was 
unlikely to meet the requirements of the whole cornea. In studies of a rather 
different nature, Smelser and Ozanics (1953) and Langham and Taylor (1956) 
observed that the denial of atmospheric oxygen to the anterior surface of the 
cornea of the living animal led to an increased hydration and thickness of the 
cornea. Consequently, to confirm whether or not the respiratory requirements of 
the tissue could be met by the diffusion of oxygen from the aqueous humour, 
direct measures of the oxygen tension in the aqueous humour and the rate of . 
diffusion of oxygen across the cornea have been made. At the same time, the 
opportunity has been taken of assessing by an independent means the conclusion 
of Fischer (1930) that the cornea shows a unidirectional permeability to oxygen 
in the inward direction. 

Previous studies relating to this subject include those of de Haan (1922), Frieden- 
wald and Pierce (1937), and Fischer (1930). The oxygen tension in the aqueous 
humour of rabbits was measured by de Haan (1922), using Krogh’s microtono- 
metric technique. He found the tension to be 20-30 mm. Hg, but recognized 
that some loss of oxygen from the aqueous humour took place during the analysis 
through autoxidation. Correcting for this loss, he concluded that the oxygen 
tension was probably nearer 40-45 mm. Hg. Friedenwald and Pierce (1937) 
introduced a bubble of nitrogen into theeanterior chamber of dogs and, after 
allowing time for equilibration, analysed its oxygen content; from a series of 
analyses made after different time intervals they reported the mean oxygen tension 
in the aqueous humour to be 45 mm. Hg. Their experimental technique is, how- 
ever, subject to the criticism that paracentesis is known to cause a general increase 
in the permeability of the blood—aqueous barrier and to disturb the intra-ocular 
circulation. Fischer (1930) measured the change in oxygen content within a glass 
chamber sealed to the anterior segment of the eye. He observed a loss of oxygen 





* Received for publication September 7, 1956. 
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from the chamber, but in similar experiments in which the anterior chamber was 
filled with nitrogen he could not detect an outward movement of oxygen into the 
chamber. 

In the present work, some of the principal difficulties met in previous studies 
have been overcome by the use of a polarographic method for the estimation of 
oxygen. The diffusion constant of the excised cornea in the inward and outward 
directions, both in the absence and presence of the epithelial and the endothelial 
layers, has been determined. In living animals a study has been made of the rate 
of accumulation of oxygen in the aqueous humour with the eye exposed to an 
atmosphere of oxygen. 

In addition to these corneal studies, an investigation has been made of the rate 
of transfer of oxygen from the bloodstream into the aqueous humour. Here, the 
principal object was to assess the factors influencing the oxygen tension in the 


aqueous humour. In particular, the effect on the oxygen tension in the aqueous 





humour of an increased and a decreased blood flow through the ciliary processes . 


has been measured. To do this, a reduction in blood flow was induced by the 
ligation of the common carotid artery and an increase in blood flow by cutting 


the preganglionic cervical sympathetic (Linnér, 1952). 


Methods 
Experimental Procedure.—Adult rabbits of both sexes weighing between 1-8 and 
2:5 kg. were used. They were fed Diet 18 pellets (Associated London Flour 
Millers), water ad lib., and hay once a week. Samples of aqueous humour from 
conscious animals were withdrawn into an ice-cold 1-0-ml. tuberculin syringe, 


after the instillation of a 1-0 per cent. solution of pantocaine into the conjunctival 
sac. A)) samples of aqueous humour were tested for the presence of protein by 


the addition of an equal volume of a solution of 8 per cent. trichloracetic acid, 
and resu}ts were rejected if more than the normal faint clouding was observed. 


Arterial blood samples were withdrawn from the heat-dilated median ear artery. 
The oxygen tension in this blood was found to be equal to that in the common 


carotid artery. To avoid loss of oxygen from the blood sample, a method was 
used similar to that described by Berggren (1942). The blood was withdrawn 


into a heparinized syringe and transferred into a glass tube filled with mercury 
haying a capacity of ) m), and a neck 15-mm. \ong of internal diameter c. 0-2 mm. 


This was carried out by inverting the tube and displacing the mercury by slowly 
injecting the blood sample. The tube was then surrounded by ice in a centrifuge 


and spun at 2,500 r.p.m. for 1 to 2 min. Finally, the plasma was withdrawn into 
the micro-ce)) through a polythene tube filed with mercury. No oxygen appeared 


to be lost in this procedure, for in control experiments, using a 0-05 M solution 
of KC) containing oxygen, the mean diffusion current before and after spinning 


was 1-90 and 1-88 wamps respectively. 


Measurement of Diffusion Constant of Excised Cornea Oxygen 

The apparatus is shown in Fig. } (opposite). The small central chamber in 
which the oxygen accumulated had a cross-sectional area of approximately { sq. cm. 
and a volume of }:2 to 1-4 m).; this volume varied with the shape of the cornea. 
The fluid in this chamber was kept mixed by a Perspex paddle forming part of a 
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(B) Central chamber in detail, posi- 
tion of the corneal tissue, and the 


way in which the tissue may readily 
be reversed. 


(A) Complete apparatus. Outside 


chamber is filled with saline buffered 
with h phosphate (pH 7:4) and oxygen 


bled through the scintered 


glass ‘disk. The electric motor slowly 


rotates (3 r. DP. m.) the paddle in the 
imner chambdc: 


Fic. 1.—Apparatus for the measurement of the diffusion constant of the cornea to oxygen. 


stopper which fitted very closely into the funnel. 


Control experiments showed 


that the loss of oxygen from the chamber during the course of an experiment 
did not exceed 5 per cent. Efficient stirring of the fluid in the outer chamber 
was maintained by the stream of oxygen passing through a scintered glass filter. 
The whole apparatus was kept at constant temperature. 

The cornea was excised and transferred carefully from the eye after its thickness 
had. been measured. : An adjoining ring of scleral tissue was included in the 
excised tissue and this formed a firm joint to hold the cornea between the two 


rings of Perspex. 
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Studies on Living Rabbits,—The transfer of oxygen across the cornea of the living 
rabbit was studied using the apparatus described in a previous study (Langham, 
1952). The anaesthetized animal was placed in a transparent air-tight Perspex 
tank, normal respiration being maintained by a tracheal tube connected to the 
outside atmosphere. Anaesthesia was maintained by periodic injections made 
intraperitoneally through a polythene tube passing into the tank from the outside. 


A steady stream of oxygen was passed through the tank, the pressure in the tank. 


being kept slightly above that of the atmosphere. 
a 


Determination of Oxygen.—The sample of aqueous humour was withdrawn into 
a cell for analysis directly from the anterior chamber of the eye without contact 
with air, and without protein precipitation or any previous treatment. The 
apparatus employed consisted of a Tinsley polarograph (Type V722/14) anda 
specially constructed micro-cell capable of analysing approximately 0:15 to 
0:5 ml. of solution. The diagram of this cell is shown in Fig. 2. It was found 
necessary to use a permanent external standard calomel half-cell as anode, con- 
nected to the micro-cell by a scintered glass disk and a salt bridge, as recommended 
by Beecher, Follansbee, Murphy, and Craig (1942), and by Kolthoff and Lingane 
(1952), the salt bridge (3 per cent. agar in saturated KCI) being renewed once a 
week when the apparatus was in.constant use. A hypodermic needle was con- 
nected to the side arm of the apparatus by a length of polythene tubing. The 
dropping mercury electrode passed through a mercury seal into the cell com- 
partment, and the height of the mercury reservoir was adjusted to give a constant 
drop-time (usually 4 sec.) measured at zero volts, without short circuit (cf. Kolthoff 
and Lingane, 1952), before each estimation. If this drop-time varied or became 
irregular, and if the error could not be rectified by cleaning the tip in 25 per cent. 
nitric acid and distilled water or on gentle warming, the capillary was discarded. 
After use the capillary was kept immersed in distilled water, and mercury from the 
reservoir was allowed to flow through periodically. Oxygen is reduced at a 
dropping mercury electrode in the potential) ranges 0 to —0:3 volts and —0°5 to 
—1}:3 volts measured against the saturated calomel electrode. The diffusion 
current (ip) developed in each range, which is measured in the polarograph, is 
proportiona) to the oxygen concentration of the solution in contact with the 
dropping electrode, and is related to it by the Ikovic equation (Kolthoff and 
Lingane, 1952). 
ip =607ND*Cy,t*, 

where ip is the diffusion current in microamp., n is the numbers of electrons 
involved in the reduction of one molecule of reducible substance, D is the diffusion 
coefficient of the reducible substance in sq. cm. sec.-!, C its concentration in 
millimoles /-!, m the weight of mercury in mg. flowing out of the capillary per sec., 
and ¢ the drop-time in sec. The observed values of ip have to be corrected for 
residual current, i.e. the current developed between the experimental voltagesin 
the liquid medium after the removal of oxygen by the addition of 1 per cent. 
sodium sulphite (Beecher and others, 1942). In the present study the diffusion 
current developed between —0-5 and —1-3 volts was measured, and from this the 
oxygen concentration was calculated. The method was found to be applicable to 
aqueous humour, since between 0 and —1-3 volts oxygen is the only reducible 
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Fic. 2.—Micro-cell for polarographic analysis. 








substance present (Fig. 3, overleaf). Calibrations were made using 0:05 M KCl and 
aqueous humour (from excised ox eyes) both saturated with air and with oxygen, 


and also 0:05 M KCI saturated with mixtures of oxygen and nitrogen previously 
analysed in the Haldane apparatus. A linear relationship was observed between 
diffusion current and oxygen concentration in the two solutions, the values 
obtained in each case being the same after correction for residual current (Table 
I, overleaf). At the beginning of each day the sensitivity of the apparatus was 
checked using 0-05 M KCI saturated with air. : 

For the purposes of the present calculations it was found more convenient to 


express the results as partial pressures of oxygen rather than as concentrations, 


the following conversion factors being derived from the data of Winkler (1904): 
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POTENTIOMETER READING (volts) 


Fic. 3.—Polarographic tracings. 
(A) 0:05 M KCI saturated with air at 2° C. 


(B) Sample of aqueous humour measured at 2° C. 


TABLE I 
CALIBRATION OF POLAROGRAPH USING 0:05 KC] AND OX AQUEOUS HUMOUR 


Gas phase analysed by Haldane apparatus (last column) 























| | 
System (2° C.) | > wamp. | mg.tsec. | olebe: | Poy Polar "Hal Haldane 
0-05 M KCI | 150 | 1-706 1-22 755-6 | 754-7* 
Oxygen | 
| Ox aqueous humour; 148 | 1:706 | 1:22 | 747-7 | 754-7 
| 0-05 M KCl | 32 | 1-706 1:22 | 4561 158-4 
Ai | | | 
si | Ox aqueous humour | 3-0 | 1-706 1-22 | 153-5 | 158-4 
; 1, KCI | 62 | 106 | 122 | 3122 | 3339 
Mixture | 
| 2, KCI |} 13 | 1-657 | 1:24 69-0 63-4 











* Value deduced from data for water vapour pressure at 2° C, (5:29 mm. Hg) ip has been corrected for residua 
current. 
an aqueous solution which is 1:0 mM with respect to oxygen corresponds to a 
partial pressure of oxygen (pO) of 361 mm. Hg at 2°C. and 674-2 mm. Hg 
at 37°C. 

To analyse a sample of aqueous humour, the cell was washed out with 0-05 M 
KCl, and then by means of the Agla head attached to the lower reservoir mercury 
was driven forward through the cell to the tip of the needle which was inserted 
into the anterior chamber of the eye, and approximately 0:2 ml. of aqueous 
humour was withdrawn. In order to obtain reproducible readings on the same 
aqueous humour sample, the cell was immersed in an ice-water bath at 2° C. 
(40°5° C.). The oxygen concentration of each sample was measured four times. 
There was sometimes a slight loss of oxygen from samples of aqueous humour 
but not from solutions of KCI. The decrease in the oxygen content of the aqueous 
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humour did not, however, exceed 5 to 10 per cent. in 20 min. and it was con- 


sidered adequate to take the mean of the first three readings. 


Results 
Oxygen Transfer across the Cornea.—In these studies the permeability of the 


excised cornea to oxygen has been expressed as the volume in ml. passing 


through { sq. cm. and [uv (0-001 mm.) thick in 1 min. for a pressure gradient 


of 1 atmosphere. This is in accord with the definition of the diffusion 


coefficient given by Krogh (1919) in studies of the permeability of muscle 


and connective tissue to gases. 


The rates of diffusion of oxygen across the cornea in the inward and 
outward directions were found to be equal. At 4° C. the diffusion coefficient 


of freshly-excised corneae was 0-018-+0-0013 in eleven experiments. Six of 
these experiments were made with the epithelial surface and the remainder 
with the endothelial surface nearest the source of oxygen; the mean values 
of the diffusion constants were 0-017 +0-0013 and 0-017 +0-0013 respectively. 

Removal of the epithelial and endothelial layer, which comprise 10 per 
cent. of the total thickness of the cornea, did not significantly change the 
diffusion coefficient. Thus at 4° C. the mean diffusion coefficient of the 
stroma in six experiments was 0:021+0°014. At 37-5°C. the diffusion 
coefficient of the stroma in six experiments was 0-031+0-0015. The oxygen 
uptake of an equal volume of stroma is not sufficient significantly to influence 
this value (Langham, 1952, 1954). The increase in the diffusion coefficient 
due to the increased temperature is in agreement with the observations of 
Krogh (1919) that it varies approximately | per cent. per ° C. 

These coefficients are appreciably below those of 0-115 and 0-14 for con- 
nective tissue and muscle reported by Krogh (1919). He used connective 
tissue from the abdominal wall of the frog after having scraped away adherent 
muscular tissue. By this technique he obtained for one experiment a double 
layer of connective tissue 63 thick and in a second experiment a single 
layer measuring only 174. In contrast, the cornea is approximately 400p 
thick and in structure comprises densely-packed collagenous fibrils embedded 

in a viscous poly- 
TABLE II 


OXYGEN TENSION IN AQUEOUS HUMOUR ON EXPOSURE — maneee, 
OF ANTERIOR SURFACE OF EYE TO AN ATMOSPHERE OF __ he oxygen ten- 
OXYGEN (713 mm. Hg) sion in theaqueous 


Animals anaesthetized and normai respiration maintained through fymour of living 


a tracheal tube. 





: : rabbits whose eyes 
Time (hrs) | Oxygen Tension (mm. Hg) Ratio C;/C2* were exposed to an 





0 | 455+ 2:55 (19) 1040-07 atmosphere of oxy- 
1 87-2413-75 (5 1:8+0:29 

2 10304166 > See gen (713 mm. Hg) 
3 131-0+19-7 (4) | —- 2-60-39 are recorded in 
46 131-0+12-8 (6) 3-0+40-23 Table II. The 


| . 
* C, and C.=oxygen tension in experimental and control eyes respectively. Oxy ge n tension 
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rose and approached a new steady-state value of approximately 130 mm. Hg. 
At this time the oxygen tension gradient across the cornea was 713—130, 
i.e. 583 mm. Hg compared with the normal gradient of approximately 150— 
45,i.e.105mm. Hg. The scatter in the results between animals was appre- 
ciable, and a large standard error was calculated both for the absolute 
values for any given period of exposure to oxygen and also in the ratio of 
the tensions in the experimental eyes to those in the control eyes of individual 
rabbits. The reason for this scatter is not known, but could be due to a 
variation between animals in the dimensions of the cornea and the aqueous 
humour. 


Transfer of Oxygen into the Aqueous Humour from the Bloodstream.—In the 
course of these studies, results were collected on the oxygen tension in the 
aqueous humour of conscious and unconscious rabbits. In 35 rabbits 
anaesthetized with Nembutal, the mean oxygen tension was 48-2+2-58 mm. 
Hg, and in twenty conscious animals the mean tension was 55-2+2:19 
mm. Hg. These results are summarized in Fig. 4, which shows that the 
range of values in the conscious rabbits was less than in the anaesthetized 
animals, and that the oxygen tension in the aqueous humour of anaes- 
thetized rabbits tended to be below that in the conscious animal. 
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MEAN OXYGEN TENSION (mm.Hg) 
Fic. 4.—Mean oxygen tension of conscious rabbits and rabbits anaesthetized with Nembutal. 


The abscissa represents a range of tensions (mm. Hg) rising in steps of 5 mm. Hg and starting 
at 26-30 mm. Hg. 
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In the two eyes of the same animal, the oxygen tension was found to be 
similar. In eight anaesthetized rabbits the oxygen tension was 59-6+4-4 
and 60-6+4-2 mm. Hg in the left and right eye respectively, the mean dif- 
ference between the two eyes being 1-0+1-4 mm. Hg. 

The equilibration of oxygen between the aqueous humour and the blood 
was studied in three series of experiments. In the first, conscious animals 
were placed in a Perspex tank, through which a rapid stream of 95 per cent. 
oxygen and 5 per cent. CO, was passed. Animals were removed from the 
tank after 1, 2, and 3 hrs, and the aqueous humour was immediately with- 
drawn from the eyes into the micro-cell for analysis. The results of these 
three series of experiments are recorded in Table III. The oxygen tension 
in the aqueous humour rose very rapidly to approach a new steady state 
within 1 hour. The oxygen tension in the blood of these animals was not 
recorded owing to the difficulty of withdrawing samples of blood and 
aqueous humour before loss ‘of oxygen had taken place. In separate ex- 
periments, however, the mean oxygen tension in the arterial blood of four 
rabbits treated in the same way was 630+20 mm. Hg. The rapidity of 
equilibration of oxygen between the blood and the aqueous humour is 

similar to that found for 


behmia cca alcohol by Palm (1947) 
MEAN OXYGEN TENSION IN AQUEOUS HUMOUR dR 1951). Th 
OF CONSCIOUS RABBITS BREATHING A MIXTURE 20d Ross (1951). ey 
OF 95 per cent. OXYGEN AND 5 per cent. CARBON observed that the alcohol 


higeiseooa: concentration in the 
Mean oxygen tension in arterial plasma 630+20 mm. Hg 
aqueous humour’ was 


within a few per cent. of 








Time (hrs) | Mean Oxygen Tension (mm.Hg) a 2 
| equilibration with that 
0 53-5+ 3-4 (4) in the blood 1 h ft 
1 | 239 $141 (6) scale mice ates a 
2 | 246 +19-0 (6) an intra-venous injection 
3 | 258 + 5-7 (6) of the test substance. 





In the-above experi- 
ments, the anterior surface of the eye was exposed to the atmosphere 
of oxygen and it was therefore not certain how much of the increased 
tension in the aqueous humour was due to oxygen passing across the 
blood—aqueous barrier and how much was due to diffusion across the 
cornea. In the corneal studies, the oxygen tension in the aqueous humour 
rose by only 80 per cent. in 1 hour, compared with the present value of 
500 per cent., and on this basis it appeared probable that the oxygen tension 
in the aqueous humour was determined principally by that passing across 
the blood-aqueous barrier. This was supported by experiments on a series 
of anaesthetized rabbits in which the anterior surface of the eye was left 
exposed to the air and the oxygen tension in the blood was raised by giving 
the animal oxygen via a tracheal tube. In eight animals the average oxygen 
tension was 445+36 mm. Hg in the arterial blood, and 1654+33 mm. Hg 
in aqueous humour removed 2-3 hrs after the start of the experiment. 
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In an attempt to determine the turnover rate of oxygen in the aqueous 
humour, a second series of experiments was made on conscious animals 
wearing a breathing mask fitted over the head. The technique was not 
completely satisfactory for the oxygen tension in the blood of these animals 
breathing 95 per cent. oxygen and 5 per cent. carbon dioxide rarely rose 
above 500 mm. Hg, and it showed appreciable variations between animals. 
Results of experiments in which the oxygen tension in the arterial plasma 
remained between 400 and 500 mm. Hg are recorded in Fig. 5. In seven 
similar experiments, in which the oxygen tension remained within these 
limits for 140-450 min., the mean oxygen tension in the aqueous humour 
was 210+22 mm. Hg. 


aie @ Oxygen tension in normal eyes 
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Fic. 5.—Permeability of blood-aqueous barrier to oxygen, in conscious rabbits given oxygen 
through a close-fitting mask. Two exponential curves, (A) kin=0-027 min.-1 and (B) 
kin=0-0135 min.-!, calculated on the basis of a maximal oxygen tension of 210 mm. Hg, and 
a steady-state ratio of unity. 


In a final series of experiments on normal conscious rabbits, the rate of 
loss of oxygen in the anterior chamber was determined after it had been 
raised to 150-200 mm. Hg. The animals were given oxygen for 1 to 2 hrs 
and then the oxygen was replaced by air. In this condition the oxygen 
tension in the blood fell immediately from 600 to 700 mm. Hg to normal. 
The results recorded in Table IV (opposite) show that the oxygen tension in 
the aqueous humour fell at a rapid rate which decreased as the oxygen tension 
approached normal. 
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TABLE IV 
DECAY OF OXYGEN IN AQUEOUS HUMOUR OF ANIMALS AFTER HAVING 
BREATHED A GAS MIXTURE OF 95 per cent. O2 AND 5 per cent. CO2. 


Rate of decay calculated by assuming that the tension decreased exponentially to normal 
tension (53 mm. Hg) 








Time (Min.) Aqi* | Aq? Aq2—Aqi_; Kdecay 
18 207 | 83 124 | 0-092 
20 137 63 74 | 0-109 
33 122 63 59 | 0-060 
33 101 82 19 | 0-032 
44 205 139 66 | 0-039 
46 165 75 90 0-070 
47 136 75 61 0-042 
47 172 95 71 0-022 
52 131 70 61 0-030 














* First column records the time at which the aqueous humour from the second eye was removed. 


Effect of Change in Blood Flow through the Eye on the Oxygen Tension in 
the Aqueous Humour.—Two series of animals were used for this study. In 
the first, the blood flow through one eye relative to the other was increased 
by cutting the pre-ganglionic cervical sympathetic nerve on one side 24 hrs 
before the experiment, while in the second series the blood flow was decreased 
through one eye compared with the contralateral eye by ligation of the 
common carotid artery. In these circumstances, measurement of the blood 
flow through the vortex veins has shown that it is increased by sympathec- 
tomy and decreased by the ligation of the common carotid in the eye on the 
operated side (Linnér 1952). Similarly, evidence has been put forward 
that there is a corresponding increase of 20 per cent. after sympathectomy 
and a decrease of approximately 20 per cent. after carotid ligation in the 
blood flow through the ciliary processes on the operated side as compared 
with the unoperated side (Linnér, 1952). 

The results of these operations on the oxygen tension inthe two eyes are 
recorded in Table V. Ligation of the common carotid resulted in a decrease 
in the oxygen tension on the operated side as compared with the unoperated 
side. The oxygen tension in the aqueous humour on the operated side was 


TABLE V 


OXYGEN TENSION IN AQUEOUS HUMOUR OF CONSCIOUS RABBITS 24 HRS 
AFTER UNILATERAL LIGATION OF COMMON CAROTID ARTERY (SERIES 1) 
AND UNILATERAL SECTION OF PRE-GANGLIONIC SYMPATHETIC (SERIES 2) 














Oxygen Tension in Aqueous Humour (mm. Hg) 
Series 
Control Eye | Experimental Eye | Cont.—Exp. Exp.—Cont. 
1 71-5+3-0 (12) 58-1+4-2 (12) 13-4+43-29 (12) | 0-81 +0-043 (12) 
2 56°5+3°4 (15) 58-14+3-5 (15) 1-6+3-31(15) | 1:05+0-056 (15) 
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however essentially the same as that observed in normal conscious rabbits. 
After sympathectomy, no significant difference in the oxygen tension in the 
two eyes was observed, and the absolute values were in the same range as 
those in normal conscious animals. 


Discussion 

In these experiments oxygen has been shown to diffuse at the same rate 
in either direction across the cornea and not to vary after removal ‘of the 
epithelium or the endothelium. Fischer (1930), however, reported that the 
cornea showed a unidirectional permeability to oxygen in the inward direc- 
tion, and that the resistance to the passage of oxygen was due principally to 
the epithelium. He introduced oxygen into the anterior chamber and could 
not detect a passage of oxygen into a glass chamber fitted on the anterior 
surface of the eye. In similar experiments in which the glass chamber was 
filled with oxygen, he observed a loss of oxygen which increased after removal 
of the epithelium but not after removal of the endothelium. Unfortunately 
few experimental details are given, and it is difficult to understand Fischer’s 
inability to demonstrate a passage of oxygen across the cornea from the 
anterior chamber. It is possible that, in the conditions of his experiments, 
the oxygen tension in the anterior chamber fell and that although oxygen 
passed into the cornea it was not sufficient to exceed the oxygen requirements 
and pass outward across the anterior surface. 

From the present results it may be calculated that the maximal amount 
of oxygen that can diffuse across the cornea from the aqueous humour when 
the tension gradient across the tissue is 55 mm. Hg is insufficient to meet the 
respiratory requirements of the epithelium. Idealty, it would be desirable to 
assess in normal conditions the amount of oxygen that would diffuse into the 
epithelium from the aqueous humour when the oxygen tension in the tear 
film is zero, but this necessitates knowing the oxygen uptake of the com- 
ponent layers, the diffusion constants of each layer, and the oxygen tension 
gradient. Unfortunately not all this information is available. To derive 
the maximal rate of transfer of oxygen, it is assumed that the stroma and 
endothelium have no oxygen. uptake and that the oxygen tension across the 
cornea falls from 55 mm. Hg on the endothelium side to zero at the junction 
of the stromal and epithelial layers. The value of 55 mm. Hg is the oxygen 
tension of the aqueous humour of the conscious rabbit as measured by the 
polarographic technique. On this basis, the amount of oxygen that will 
pass across the stroma plus the endothelium of average thickness 360, is 
6:2 10° ml. sq. cm. min.-!. In comparison the oxygen uptake of the 
epithelial layer determined by the Warburg manometric technique is 
14x 10~* ml. sq. cm. min.~, that is over forty times greater. 

In view of this wide disparity between the amount of oxygen that can 


diffuse from the aqueous humour to the epithelium and the oxygen needs 
of the layer, it is suggested that the oxygen needs of this outer cellular layer 
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are met from the atmosphere and from the capillaries of the tarsal con- 
junctiva when the eyes are opened and closed respectively. This is consistent 
with previous observations (Langham, 1952) that denial to the cornea of 
direct access to the atmosphere caused an increase in the concentration of 
lactic acid in the cornea. Furthermore, it is in agreement with the con- 
clusions of Smelser and Ozanics (1952, 1953), and of Langham and Taylor 
(1956), that the corneal swelling caused by wearing contact lenses is prin- 
cipally due to the decreased aerobic metabolism of the epithelial layer. 
The amount of oxygen diffusing into the cornea from the limbal vessels is 
likely to be very small compared with the two alternative routes, as the area 
of contact is relatively very small. 

When the oxygen tension in the atmosphere was increased to 700 mm. Hg, 
the results on the cornea both of the excised eye and of the living animal 
showed that more than sufficient oxygen diffused across to supply the oxygen 
requirements of the cornea. In the living animal, an increase in the oxygen 
tension in the tear film from 150 mm. Hg in equilibrium with air at 37° C. 
to 713 mm. Hg led to an increase in the oxygen tension in the aqueous 
humour from an initial value of 45 mm. Hg to a final steady-state value of 
131 mm. Hg. This increase is equivalent to a 2:83 ml. O, 1-! or to 
8-5x 10-4 ml. O, in 0-30 ml., the average volume of aqueous humour in a 
normal rabbit eye. 

In assessing the permeability of the blood—aqueous barrier to a substance, 
it is generally adequate to assume the arterial concentration to be approxi- 
mately equal to that of the blood in the capillaries of the ciliary processes 
from which the aqueous humour is derived. However, if the compound is 
lost very rapidly from the circulation, a considerable concentration gradient 
between the arterial and venous circulations will develop, and it then becomes 
necessary to know the mean concentration in the capillary bed; this is true 
of oxygen. According to Roughton, Darling, and Root (1944), the oxygen 
tension in the arterial blood of human subjects breathing air is 100 mm. Hg, 
and it is generally accepted that the venous tension is approximately 40 
mm. Hg. Now, in rabbits breathing air, the mean oxygen tension in the 
aqueous humour was 55 mm. Hg, and therefore the mean tension in the 
blood from which it was derived could not have been less than 55 mm. Hg 
unless secretion of oxygen took place. In similar conditions the oxygen 
tension in the aqueous humour rose to an equilibrium value of 210-260 
mm. Hg when the arterial tension was 400-630 mm. Hg; again the mean 
tension in the blood of the ciliary processes could not have been less than 
210 mm. Hg. Thus the maximal gradient across the blood—aqueous barrier 
in animals breathing air or oxygen was approximately 50 and 300 mm. Hg 
respectively. 

The most probable explanation of this change in the oxygen tension 
gradient is that some loss of oxygen from the blood takes place before reach- 
ing the capillaries of the ciliary processes, and that in both cases the pO, 
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values on either side of the barrier were approximately equal. In this event 
the loss of Oxygen in the blood when the tension fell from 450 to 210 mm. Hg 


or from 630 to 260 mm. Hg should be approximately equal to that lost when 
the tension falls from 100 to 50 mm. Wig: im normal rabbits the oxygen- 
combining power of the blood is 19-1 ml./{00 ml. (Langham and Lee, [ 957}, 
and if the oxygen dissociation curye of rabbit's blood is assumed 10 be the 
same as that of human blood the oxvgen content at 55 mm. Hg would be 
(6:3 ml./100 ml. If therefore the blood were fully saturated, 2°8 m). oxygen) 
100 ml. blood would be lost when the tension fell to 55 mm. Hg: if the blood 
were 90 per cent. saturated, the volume lost would be about ‘0 ml. oxygen) 
100 mi. blood. The corresponding loss of oxygen when the tension falls 
from 450 to 210 mm. Hg or from 630 to 260 mm. Hg ts 0-61 and 1-0 ml./100 
m). blood, 

The alternative explanation, that the ratio of the oxygen tension in the 
aqueous humour to that in the biood of the ciliary processes varies with the 
oxygen content of the blood, appears improbable. It would imply either 
that respiration varied with the oxygen tension or that large changes in the 


rate of entry or exit of oxygen in the aqueous humour took place. 


If, in conditions of steady state, the concentration of a substance in the 
aqueous humour equals the mean concentration in the blood of the ciliary 
processes, the rates of entry and exit must be equal. This is usually 
expressed in the form 

Kin=rkow, 
where r is the ratio of concentration of the substance in aqueous humour 
and blood in conditions of steady state. From this equation it is evident 
that, provided r closely approaches unity, the error in assuming r to be 
unity is relatively small. On this basis it is possible to calculate ky for 
oxygen as defined by the equation: 


nes i Cago| 


rCpl— Caq, 








where Cpl is the mean plasma concentration, and Cago and Cag, the con- 
centrations in the aqueous humour at zero time and ¢ min. respectively. 


This equation is widely used in studies of intra-ocular dynamics and it will 
be noted that xj, has the dimensions of reciprocal time. From the results 
on the accumulation of oxygen in the aqueous humour, k;, for oxygen was 
found to equal 0:030+0-002 min.~!. This value is of the same order of 
magnitude as that found for alcohol, which like oxygen has a high fat 
solubility (Palm, 1947; Ross, 1951). The molecular weight of oxygen is 32, 
and that of ethyl alcohol is 46, and their oil—water partition coefficients at 
37° C. are 5-0 and 1-9 respectively. It would appear that the permeability 
of the blood-aqueous barrier to oxygen is consistent with the conclusion 
that fat solubility plays the dominant role in the penetration of the blood- 
aqueous barrier (see Ross, 1951; Langham, 1955a). 





EE — 
—— 














1 


T 





i 


_—__  —_ 





OXYGEN TRANSFER 79 


The aqueous humour is the sole source of the oxygen requirements of the 
crystalline fens, and it is of interest to consider how rapidly oxygen in the 
aqueous humour must be supplied to meet its requirements, There is 


general agreement that excised rabbit lenses utilize approximately 0-02 ul. 


oxygen per mg. dry tissue per Ar (Kronfeld and Bothman, 1928; Field, 


Tainter, Martin, and Belding, 1937, Ely, 1949, Langham, 1(951).. For an 
average adult rabbit lens of 400 mg. wet weight, the oxygen requirements 
would be 1°3X10-* m). min.*. Wow the average volume of the aqueous 
humour of adult rabbits is approximately 300 ul., and at an oxygen tension 
of 210 mm. Hg it would contain 20°38 x 10~* ml. oxygen. Consequently, in 
these conditions the lens would abstract 6-2 per cent. of the oxygen in the 
aqueous humour every minute. The turnover rate of oxygen, at the steady- 
state value of 210 mm. Hg, was observed to be approximately 3 per cent. 
per min. and this includes loss of oxygen by drainage of the aqueous humour 
from the eye. It is therefore possible that the oxygen uptake of the lens in 
the living animal is less than that observed on the excised tissue, a view which 
is in agreement with the conclusions of Christiansen and Leinfelder (1952) 
that part of the oxygen uptake of the excised lens is due to non-enzymic 
processes, .On the other hand, it must be recognized that the oxygen 
requirements of the lens will be derived principally from the aqueous humour 
of the posterior chamber, and that here the rate of turnover of oxygen 


might far exceed the rate for the whole aqueous humour. This follows 


from the fact that for molecules which rapidly penetrate the blood-aqueous 
barrier the rate of accumulation in the aqueous humour is limited by the 


time required for mixing. 
This factor might also explain the marked variation in the rate of accumu- 


lation of oxygen in the aqueous humour, for the time of mixing of compounds 
in the anterior chamber may be as long as 20 to 40 min. (Langham, 1955b). 


Summary 
(1) A method suitable for the measurement of the concentration of oxygen 


in the aqueous humour by a polarographic technique is described. The 
sample for analysis is withdrawn into a micro-cell directly from the anterior 
chamber of the eye without protein precipitation or contact with air. 

(2) The permeability of the excised cornea to oxygen has been determined. 
At 4° C, the diffusion coefficient of the excised cornea was 0-018-+0-0013 in 
eleven tests. Removal of the epithelial and endothelial layers did not affect 
this value significantly. Oxygen was found to move freely across the cornea 
in either direction, and its rate of transfer increased by 1 to 2 per cent. 
per °C, 

(3) In similar experiments with living animals, the oxygen tension in the 


aqueous humour on exposure of the anterior surface of the eye to an atmos- 
phere of oxygen was analysed. The oxygen tension in the aqueous humour 
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rose to 130 mm. Hg in conditions of steady state from an initial value of 


45 mm. Hg. From these results and a knowledge of the oxygen uptake of 


the component layers of the cornea, it has been calculated that the oxygen 


diffusing into the cornea from the aqueous humour is inadequate to supply 
the respiratory requirements of the epithelial layer. 


(4) The oxygen tension in the aqueous humour of conscious rabbits before 
and after exposure to an atmosphere of 95 per cent. oxygen and 5 per cent. 


carbon dioxide has been determined. The blood—aqueous barrier has been 
found to be freely permeable to oxygen, and equilibration between the blood 


and the aqueous humour to be attained within approximately 1 hr. In 


animals in which the arterial oxygen tension was over 600 mm. Heg, the 


tension in the aqueous humour rose to approximately 250 mm. Hg. 


Evidence is given that the oxygen tension in the aqueous humour is deter- 


mined by blood having a composition approaching that of arterial blood. 


(5) Changes in blood flow through the ciliary processes, caused by the 


ligation of one common carotid artery or by cutting the cervical sympathetic, 


resulted in no marked change in the oxygen tension of the aqueous humour. 
In the sympathectomized animals the oxygen tension was equal in both eyes, 


while in animals with a ligation of the carotid artery the oxygen tension on 
the operated side was significantly below that on the contralatera) side but 


still within the same range of values as in normal eyes. 


We should like to acknowledge the interest and advice of Sir Stewart Duke-Elder in this inves- 


gation and to thank the Medi \ for defraying the cost of the study. 
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OCULAR ALBINISM WITH CHANGES 


TYPICAL OF CARRIERS* 


BY 
VAGN OHRT 


From the Department of Ophthalmology (Director: Prof. Viggo A. Jensen), 
Municipal Hospital, University of Aarhus, Denmark 


OCULAR albinism is a form of incomplete albinism in which the lack of 
pigment is chiefly confined to the eyes. The condition is relatively rare, but 
since it was described for the first time by Nettleship (1909), it has occasionally 
been demonstrated in various families. Nettleship was aware that the 
disease-producing gene was sex-linked, but assumed it to be recessive; recent 
investigations have since proved that the sex-linked gene of the condition is 
intermediate in its expression. 

The ocular symptoms encountered in males with ocular albinism are also 


well known in generalized albinism. Affected individuals’ suffer from 


impaired vision and undulatory nystagmus, the retinae are poor in pigment: 


the choroidal vessels are seen with great clearness, and the macular areas 
are hypoplastic, lacking the yellow colour normally seen in red-free light 


(Vogt, 1924). The irides are bright and translucent, so that the pupils 


may appear faintly red. Strabismus and astigmatism are usually present. 
In addition, head nodding is often seen in early childhood. 

Attention has been focused particularly on this complex of characteristic 
symptoms in males, whereas little interest has been taken in the apparently 
unaffected females. 

However, Waardenburg (1947) was able to show, by the translucence of 
their irides, that these heterozygous females were carriers. A few years 
later, Falls (1951) established what had been rendered likely by Waardenburg’s 
observation, viz. that ocular albinism has an intermediate sex-linked mode 
of inheritance; he described a peculiar ophthalmoscopic picture which 
he had observed in all female carriers in two American families in which 
male members exhibited ocular albinism. Vogt (1941) had previously 
described these ophthalmoscopic changes in a female carrier, but it seems 
that he did not then realize the significance of his observation. 

Francois and Deweer (1953) later described a large Belgian family of 
179 members who exhibited exactly the same changes as those observed by 


Falls. 





* Received for publication October 8, 1956, 
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I have personally had the opportunity to study a Danish family consisting 
of seven generations with 169 members, of whom I was able to examine 
81 individuals representing four generations. Five males, including a pair 
of uniovular twins in whom the affection showed pronounced parallelism, 
revealed ocular albinism. In addition, unquestionable information of the 
disease was available in three men who had died. Of the females, fourteen 
exhibited the changes described by Falls (1951) as typical of carriers. 

Ophthalmoscopically, the fundus of such a heterozygous female reveals 
normal pigmentation in the central area. The macula has retained its 
reflexes, but it is often denser and coarser in its pigmentation than normal. 
Peripherally, a peculiar polymorphous pattern of greyish-brown, irregular 
patches of granular pigmentation is seen. They begin centrally as faint 
granules, occasionally deposited as small rings; towards the periphery they 
increase in size, become more confluent, and map-like, with mainly radial 
orientation, and are separated by areas poor in pigment with clearly visible 
choroidal vessels. 


Method of Investigation 


Some of the patients were studied in the Department of Ophthalmology, but the 
majority had to-be examined in their homes. 

In addition to refraction, ophthalmoscopy, and diascleral transillumination, perimetry 
for white, red, and blue objects, and studies of colour sense and dark adaptation 
were performed in patients examined in the clinic. 

In patients examined at home, the visual acuity was determined when conditions 
permitted this examination, the field of vision was tested by hand movements, but dark 
adaptation and colour sense were tested in only a few cases. One of the patients seen 
at home revealed a concentric contraction of the field due to excessive myopia, but the 
others had normal visual fields, colour sense, and dark adaptation, for which reason 
these tests are not mentioned in the descriptions of individual patients. 


JESSEN FAMILY 


The family originates from the Danish island of Sams6, on which a few 
members still live. It may be traced back as far as a woman (Generation I), 
who was married and had two sons (II, 1 and 2), of whom the elder (II, 1) 
suffered from ocular albinism, the disease still being present among his 
descendants. After the death of her husband, this woman had an illegitimate 
daughter (II, 3) who was evidently also a carrier since her son (III, 16) had 
the disease. As he had no daughters, the disease disappeared in this branch 
of the family. The affected members of the family (Fig. 1) are listed below. 


Generation II (1).—According to the information available, the elder son of I 
had nystagmus, and his vision was so poor that his mother had to read his lessons 
aloud to him. A photograph suggests that he had strabismus, since one eye had 
been retouched by the photographer. Nothing is known as to the pigmentation 
of his hair and skin, and the photograph gives no information. 
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Generation III (16).—This man, son of II (3), who died at the age of 74, was 
blonde with light blue eyes. He had nystagmus, convergent strabismus, and 
impaired vision, but he was able to read the newspaper when it was held close 
to his eyes. In addition, he had two white spots on the skin of the forehead and 


left temporal region. 


Generation IV (2).—A woman aged 80, delat 4 of III (2), suffering from 
senile dementia, was examined in her home. Her hair had been dark, and the 
irides were greyish-brown. Ophthalmoscopical examination revealed changes 
with the fairly dark, closely aggregated patches of pigment typical of carriers. 


Generation IV (11).—A woman aged 70, daughter of III (5), was examined in 
herhome. She was medium fair with bluish-grey irides. Her family had occasion- 
ally observed a fine nystagmus when she was tired. 

The visual acuity in the right eye was 6/6 + 1D sph., and in the left 6/6 + 1-5D sph. 

Ophthalmoscopy showed a typical carrier fundus, but the patches of pigment 
were smaller and more scattered, and the areas with sparse pigmentation were 
larger than in the other carriers, though the appearance of the maculae was 
similar. Her four children and four grandchildren were all examined. 


Generation V (26).—A woman aged 38, daughter of IV (11), was examined in her 
home. As a child she had had very fair hair and did not react to sunburn. Now 
she was ash-blonde. Thi visual acuity in both eyes was 6/6-—0:-50D sph. A periodical, 
fine, undulatory nystagmus was noticed. , The irides were blue, and diascleral trans- 
illumination showed pronounced translucency. The ophthalmoscopic picture was 
similar to that seen in the mother (IV, 11). 


Generation VI (18).—A boy aged 4, son of V (26), was examined in his home. The 
colour of his hair and skin was very light. The visual acuity of the right eye was approx. 
3/18 +2D sph., +2D cyl. at 90°, and in the left eye approx. 3/9 +2:5D sph., +2D cyl. 
at 90°. 

A constant coarse, horizontal nystagmus with a somewhat varying-amplitude and con- 
siderable convergent strabismus of the right eye were observed. The irides were light and 
translucent, and a faint red reflex from the pupils was seen. Ophthalmoscopy showed a 
typical albinotic fundus. 


Generation V (27) and (28).—Two men aged 35, sons of IV (11) and identical twins, 
were examined in their homes. In childhood, they had had almost white hair and 
very light skin and did not react to sunburn; some photophobia and head nodding 
had been present. In adult life they were ash-blonde and could, to some extent, be 
tanned by the sun. 

In V (27) the visual acuity in both eyes was slightly less than 6/24 +2°5D cyl. at 90°. 
There was a coarse, undulatory horizontal nystagmus, which was aggravated when he 
became nervous or was called upon to fix his gaze on certain objects. The irides were 
light blue and markedly translucent, and the pupils appeared faintly red. Ophthalmo- 
scopy revealed a typical albinotic eyeground. 

In V (28) the visual acuity in the right eye was slightly less than 6/24 +1D sph., 
+1-5D cyl. at 105°; in the left eye it was slightly less than 6/24 +1D sph., +1D cyl. 
at 120°. A slight divergent strabismus of the left eye was present. Otherwise, the 
conditions were exactly like those observed in his brother. 


Generation VI (19).—A girl aged 10, daughter of V (27), was examined in her home. 
Her hair was medium blonde. The visual acuity in both eyes was 6/6, emmetropia. The 
irides were blue and distinctly translucent. Ophthalmoscopy revealed typical carrier 
changes. 
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Generation V (29).—This woman, daughter of IV (11), the youngest of four siblings, 
was the only one who had always had dark hair. She was examined in her home. 
The visual acuity in the right eye was 6/6, and in the left eye 6/9 with her own correcting 
glasses (sph.). The irides were darkish-blue and distinctly translucent. Ophthalmo- 
scopy showed typical carrier changes. The patches of pigment were dark and closely 


aggregated (Fig. 2). 








ypical carrier fundus. 
Generation IV (15).—A dark-haired woman aged 63, daughter of III (7), was 
examined in the Department of Ophthalmology. The visual acuity in the right 
eye was 6/9+1-5D sph., +3D cyl. at 125°; and in the left eye 6/9+1D sph., 
+3D cyl. at 90°. The irides were darkish-blue without translucence. There 
was a slight alternating divergent strabismus. Ophthalmoscopy showed typical 
carrier changes, with closely aggregated patches of pigment, which seemed to be 
somewhat darker than in her blonder sisters. 

Generation IV (16).—A man aged 60, son of III (7), was examined in his home. 
In childhood, he had been almost white-haired with a fair complexion; he had 
not suffered from head nodding; later in life his hair and skin became a little darker. 
The visual acuity in the right eye was counting fingers at 0-5 m. and in the left eye 
it was 6/60-10D sph.; no improvement with cylindrical glasses. (In 1937, 
astigmometry had shown: right eye +3D cyl. at 0°; left eye+3D cyl. at 15°.) 
There was coarse, highly variable, horizontal, undulatory nystagmus. A mixed 
convergent and sursumvergent strabismus was present. The irides were light and 
markedly translucent. Ophthalmoscopy revealed typical albinotic retinae with 
pronounced depigmentation and myopic degenerative changes. Determination 
of the visual field by hand movements showed some concentric contraction inboth 
eyes. 

ye V (33).—A medium-blonde woman aged 31, daughter of IV (16), was 
examined in the Department of Ophthalmology. The visual acuity in the right eye 
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was 6/12 +1-:5D sph., +2D cyl. at 70°, and in the left eye 6/6 +0-5D sph., +0-5D 
cyl. at 145°. The right eye showed slight convergent strabismus. The irides were 
blue and translucent. Ophthalmoscopy showed typical carrier changes. 
Generation V (34).—A medium-blonde woman aged 28, daughter of IV (15), was 
examined in the Department of Ophthalmology. The visual acuity in the right eye 
was 6/24, no improvement with glasses; and in the left eye 6/6 +0-5D cyl. at 90°. 
There was no strabismus. The irides were blue and translucent. Ophthalmoscopy 
showed typical carrier changes. 
Generation IV (18).—A woman aged 55, daughter of III (7), was examined in 
the Department of Ophthalmology. In childhood she had been very fair, but 
was now ash-blonde. In the right inguinal region she had a large depigmented 
spot, but otherwise the skin showed normal pigmentation. The visual acuity in 
the right eye was 6/6+2D sph., and in the left eye 6/12 + 1-25D sph., +0-5D cyl. 
at 110°. The irides were blue and translucent. Ophthalmoscopy showed typical 
carrier changes. 


Generation IV (19}.—A woman aged 52, daughter of III (7), was examined in 
the Department of Ophthalmology. In childhood she had been very fair, but 
was now ash-blonde.: The visual acuity in both eyes was 6/12+5D sph., +3D 
cyl. at 90°. There was slight convergent strabismus of the left eye. A fine 
undulatory nystagmus was occasionally present. The irides were blue and trans- 
lucent. Ophthalmoscopy showed typical carrier changes; the appearance of the 
maculae did not deviate from that in the other carriers. The younger of her two 
sons suffered from ocular albinism: 
Generation V (40).—A boy aged 12 years, son of IV (19), was examined in the 
Department of Ophthalmology. His vision had been impaired from birth. During 
the first years of life he had been almost white-haired, and some head nodding had 
been noticed. Now he was blonde. The visual acuity in the right eye was 6/60 +3D 
sph., +3D cyl. at 90°, and in the left eye 6/60 +4D sph., +3D cyl. at 90°. A constant 
coarse, undulatory, horizontal nystagmus with a somewhat varying amplitude was 
present. The irides were light blue and translucent. Ophthalmoscopy showed a 
typical albinotic fundus. 
Generation V (3).—This boy, son of IV (1) and nephew of IV (2), had died at 
the age of 14 years. His parents were very dark, and the boy had had dark hair 
and brown eyes. His vision had been poor, and he had suffered from a pro- 
nounced nystagmus and divergent strabismus. 
Generation V (4).—A woman aged 54, daughter of IV (1) and niece of IV (2), 
was examined in the Department of Ophthalmology. Her hair was bleached, but 
the natural colour was stated to be medium-blonde. In childhood she had been 
blonde, but not strikingly fair. The visual acuity in both eyes was 6/6 +0-5D sph. 
The irides were blue and translucent. Ophthalmoscopy showed typical carrier 
changes. 
Generation VI (2).—A dark-haired woman aged 27, daughter of V (4), was examined 
in the Department of Ophthalmology. The visual acuity in both eyes was 6/6 +0-5D 
sph. The irides were darkish-blue and translucent. Ophthalmoscopy showed typical 
carrier changes with dark and closely aggregated patches of pigment. The second of 
her three daughters who were examined at home proved to be a carrier: 
Generation VII (4).—A girl aged 5 years, daughter of V (4), had chestnut-coloured hair, 
which had never been lighter. The irides were blue and translucent. Ophthalmoscopy 
showed typical carrier changes. 
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Generation V (11).—This woman, daughter of IV (3) and niece of IV (2), had 
always had dark hair. She exhibited heterochromia, the right iris being light 
brown, the left bluish-grey. In addition, she had a small, sharply-defined area 
of depigmentation in the jugular fossa; otherwise the skin showed normal pig- 
mentation. The visual acuity in the right eye was 6/6-1D cyl. at 175°, and in 
the left eye 6/6-0-5D cyl. at 5°. The irides were not translucent. Ophthalmo- 
scopy showed typical carrier changes, with rather dark patches of pigment. 


Discussion 

The ophthalmoscopic picture observed in the fourteen carriers was 
characteristic and easily recognizable, but varied with regard to the intensity 
of the pigmented patches and the relation between the areas with heavy and 
sparse pigmentation. However, two individuals differed to some extent 
from the others, viz. the mother of the affected identical twins and the elder 
of her two daughters, who were both heterozygous. In these two women 
the retinal areas with sparse pigmentation were larger and the patches of 
pigment smaller and weaker than in the others, and thus, although typical | 
of carrier fundi, more like the retinae of the affected males. In the other 
carriers the variations were small, but it seemed to be the rule that in 
individuals with dark skin and hair the patches of pigment were somewhat 
denser and darker than in those with hair and skin of a lighter colour. 

Other findings of interest were revealed in these carriers. The mother 
and her daughter had a periodical, fine undulatory nystagmus, rarely 
present in the darker mother but frequently seen in her blonde daughter. 
Another blonde heterozygous woman had a similar nystagmus. This 
woman suffered from visual impairment in both eyes (6/12), fairly pro- 
nounced nystagmus, and slight convergent strabismus. Her darker sister 
had astigmatism of almost the same intensity, a similar strabismus, but a 
visual acuity of 6/9 in both eyes and no nystagmus. Astigmatism and 
strabismus were also present in other carriers; in one case together, in the 
others isolated. 

Of eleven carriers studied for translucency of the irides, nine exhibited 
the symptom, but it was absent in two dark-haired women. 

In the first place, these findings show that female carriers may exhibit 
abortive symptoms of ocular albinism other than the ophthalmoscopic 
changes, which are constantly present, and the translucence of the irides, 
which is usually but not invariably present. 

Secondly, the investigation shows that there must be a considerable 
variation in the expressivity of the intermediate gene. Previous investiga- 
tions may be interpreted in the same direction. Thus, for example, Frangois 
and Deweer (1953) state that three of an affected man’s five daughters had 
normal fundi, but as neither this nor previous studies leave doubt as to a 
sex-linked mode of inheritance, these three women must have been carriers 
and the expressivity of the gene must, accordingly, have been very weak. 
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The same was the case with one of the patients described by Falls (1951), 
a one-eyed man with very mild ocular albinism; the visual acuity was normal 
and the fundus revealed patches of pigment similar to those seen in hetero- 
zygous women. : 

When, in the literature on this disorder, information is given as to the 
general pigmentation of the affected males, these individuals are usually 
described as blonde or white-haired, with a fair complexion. This suggests 
that the responsible gene has a wider effect and, as emphasized by Sorsby 
(1951), may produce mild manifestations of generalized albinism. In the 
family 1 studied, information was available as to the general pigmentation 
in seven out of eight males. Of these, six were blonde, and in childhood 
they had had almost white hair and had not reacted to sunburn. The 
pigmentation increased with age; although they remained blonde in adult 
life, they were not strikingly fair, and they were able to be tanned by the 
sun to some extent. One of the deceased males with unquestionable impair- 
ment of vision and nystagmus was dark and was the son of very dark parents 

, This variation should presumably also be seen against the background of 
the expressivity of the gene. 

The gener. a) pigmentation varied within wide limits in the carriers. On 
the whole, most abortive symptoms were present in the blondes and seemed 
often most pronounced in them, though those with dark hair were also 
sometimes considerably affected. It is reasonable to assume that the gene 
is also able to exert a certain, although weak, influence on the genera) 
pigmentation in carriers. 

Finally, it should be noted that two female carriers and a man with ocular 
albinism also had cutaneous areas of depigmentation and one woman had 
heterochromia. That these changes should be due to the same gene as 
that responsible for the ocular affection is, however, unlikely, since a healthy 
son of an affected man also showed an area of sparse cutaneous pigmentation 
and a woman who was not a carrier had a lock of white hair. 

The conclusion must be that the sex-linked intermediate gene which is 
responsible for ocular albinism varies considerably in expressivity, and has 
a weak influence on the gencral pigmentation as well as its principal effect 


on the eyes. 


Summary 


In a family consisting of 169 members, eight men including a pair of 
identical twins suffered from ocular albinism, Fundus changes charac- 
teristic of carriers were seen in fourteen females of the family. In addition 
to the ophthalmoscopical changes and translucence of the irides, some of 
the female carriers exhibited other abortive symptoms of ocular albinism. 


It is demonstrated that the intermediate sex-linked gene shows considerable 
variation in its expressivity, and the study confirms that this gene has a 
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weak influence on the general pigmentation as well as its principal effect 
on the eyes. 
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VASCULARIZATION OF THE OPTIC PATHWAY* 
No. Y¥. CHIASMA 


BY 


J. FRANCOIS, A. NEETENS, AND J. M. COLLETTE 


From the Ophthalmological Clinic, University of Ghent (Director: Prof. J. Frangois).and 
the Institute of Radiology, University of Liége (Director: Prof. Leroux) 


Wuereas from the myelo-architectonic point of view the chiasma is merely 
an organ of transit, this is not so from the vascular point of view; there 
seems to be a partial dissociation between the myelo-architecture and the 
angio-architecture. 
The vascularization of the chiasma has been investigated on the basis of 
22 human specimens. The techniques used (dissection after fixation in 
10 per cent. formaldehyde, injection of Indian ink, staining with benzidr ine, 
and microradiography) have been discussed in previous publications 
(Francois, Neetens, and Collette, 1955, 1956: Francois and Neetens, 1956). 


I. EXTRACHIASMAL OR PERICHIASMAL VASCULARIZATION (FIG. 1} 

The chiasma is completely surrounded by a vascular network which 
continues to the hypophysis, the pituitary pedicle, and the infundibulum 
of the 3rd ventricle. This network consists of arterioles and precapillaries 
arising from eleven different arteries, as shown by Abbie (1938). The 
internal carotid, the anterior cerebral, and the anterior communicating 
artery are the chief arteries among these eleven; the middle cerebral, the 
posterior communicating, and the anterior choroidal artery are less impor- 
tant. All these arteries send supplying branches to the interior of the chiasma, 
either directly or by the intermediary of the network on the surface of the 
chiasma. 


An arteriolar arch is one of the structures found in front of the chiasma, 
as shown by Dawson (1949). This arch constitutes, to put it briefly, a 
replica of the circle of Willis. It is incomplete, however, as it covers only 
about 180°. It runs parallel with the anterior part of the circle of Willis, 
and thus forms a posterior concavity. It is chiefly made up of branches 
of the internal carotid, the anterior communicating, and the anterior cerebral 
artery, but this does not prevent these arteries from also extending collaterals 
directly to the chiasma. 

The most important among these direct collaterals is a branch of the 
anterior communicating artery, which has not hitherto been described and 
which we shall call the chiasma) artery. This artery is found in about one- 


third of cases, and precisely in those in which the minute branches directed 


at the chiasma which issue from the anterior communicating artery and from 


* Received for publication October 8, 1956. 
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the anterior part of the anterior cerebral artery are not numerous. Where 
these branches are numerous, this chiasmal artery does not exist. 


The following ligatures must be used if the entire vascular system of the 
chiasm is to be Hed (Fig. 1): 


.(1) At the level of the two middle cerebral arteries, |-2 cm. from the site at 
which they leave the interna) carotid. 
(2) At the level of the two anterior cerebral arteries, immediately before the 
anterior communicating artery. 
(3) At the level of the two ophthalmic arteries, immediately before their site 


of origin. 
(4) At the level of the two anterior choroidal arteries and the two posterior 


communicating arteries, about | cm. before their site of origin. 





mm Sites of ligature. 


Fic. 1.—Arterial and arteriolar supply of chiasma. 
(1) Anterior communicating (4) Posterior communicating 


artery with chiasmal artery. artery. 
(2) Anterior cerebral artery. (S) Anterior choroidal artery. 


(3) Internal carotid artery. (6) Middle cerebral artery. 
(1) Prechiasmal arcade. 


The needles used for the injection of contrast medium or Indian ink are 


inserted at the point of section of the internal carotid. This is ligated as 


soon as the injection has been completed and before the needle is withdrawn. 
The region is previously bathed with 10 per cent. formaldehyde when Indian 


ink is injected, and with absolute alcohol when Thorotrast is injected. 


If a single artery of the eleven supplying the chiasma is injected, then the 
chiasma is only incompletely and irregularly filled. On the other hand, if 
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the middle cerebral, anterior choroidal, and posterior communicating 
arteries are excluded, filling is almost complete, only a small postero-tempora) 
part failing to be filled. 

In one case we succeeded in injecting into the chiasmal artery, and this 
resulted in incomplete filling of the central part of the chiasma. 


Our observations would seem to warrant the following conclusions beitig 
drawn: 

(1) The only specific and well-defined artery which we found at the Jevel of the 
chiasma was the chiasmal artery, which supplies the central ‘part of the 
chiasma. However, this vessel was not always found. 

(2) The only characteristic arteriolar formation is the prechiasmal arch. 

(3) The branches of the internal carotid reach the chiasma at its inferior temporal 
surface. 

(4) The branches of the anterior communicating and the anterior cerebral 
arteries reach the chiasma at its antero-superior surface. 

(5) Anastomoses can be observed between the small arterioles localized at the 
surface of the chiasma. 

(6) All these arterioles proceed to the chiasma, either directly or—more fre- 
quently—by way of the prechiasmal arch. 

(7) The ophthalmic, anterior choroidal, middle cerebral, and posterior com- 
municating arteries are only slightly and at best indirectly involved in 
the vascularization of the chiasma. 

We are inclined to agree with Abbie (1938) that the exclusion of one or of 
two arteries of the chiasmal region would have no serious consequences in 
regard to the function of the optic pathways. Central or peripheral visual 
disturbances consequent upon a lesion of the chiasma are invariably due to 
direct mechanical compression of the latter and never to an affection of one 
or other of the supplying arteries. However this may be, the intrachiasmal 
arteriolar and capillary network is the most important. 


II. INTRACHIASMAL VASCULARIZATION (Fic. 1, and Fic. 2, opposite) 
(A) Arteriolar Vascularization 

(1) Arterioles of varying calibre approach any free aspect of the chiasma. 
Their portal of entry is indicated by a slight unevenness. They are parti- 
cularly numerous at the level of the temporal and inferior aspects and at the 
anterior border. 

The arterioles of the temporal aspect show fan-wise ramifications in all 
directions. Those of the inferior aspect are directed towards the posterior 
part of the chiasma, in a more or less antero-posterior position. Those of 
the anterior border curve back to follow the tract of the nasal fibres of the 
optic nerve, crossing the median line (see Fig. 6). 

(2) Arterioles also arise on one side from the optic nerve and on the 
other side from the optic tract. Those which arise from the optic nerve 
follow a rectilinear course; the nasal arterioles curve back towards the 
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Fic. 2.—Seven chiasmal capillary 


zones. 


sagittal plane (Fig. 3) and the temporal arterioles for the most part adhere 
Those which arise from the optic tract are 


to their primary direction. 


directed towards the temporal zone (Zone 6, Fig. 2). 


plane showing an anterior concavity. 





Fic. 3.—Photomicrograph after injection of Thorotrast. Chia: , v 
precapillaries and arterioles (a). Irregularly rectilinear capillaries on their way to the sagittal 





Antero-posterior section. 


Chiasma Zone 1. 


x 50 





Hairpin curving 
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Arterioles curving back in hairpin curves are found near the anterior 
border (Fig. 3). 

(B) Capillary Vascularization 

In the frontal plane, the capillaries of the chiasma show no systematic 
arrangement and no characteristic structure. The transverse pentagonal 
units of the optic nerve are no longer found. The capillaries are merely 
more numerous and slightly larger at the level of the inferior part than at 
the level of the superior part. 

By combining several methods of examination, we have been able to 
obtain fairly exact data on the distribution of the chiasmal capillaries in the 
horizontal plane and in an antero-posterior direction. Seven different zones 
can be distinguished (Fig. 2): 

(1) A zone occupying the nasal half of the optic nerve and the anterior part of 
the chiasma, showing fine and irregularly rectilinear capillaries following the 
direction of the fibres and becoming more irregular in the chiasma proper (Fig. 3). 
Briefly, these are the longitudinal units of the optic nerve which are prolonged 
into the chiasma, where they curve back towards the median-plane, describing a 
loop with an anterior concavity. The hairpin curves are less numerous here 
than in Zone 2. 

(2) A zone occupying the temporal half of the optic nerve and the anterior part 
of the chiasma, showing capillaries slightly larger than those in Zone | (Fig. 4). 





Fic. 4.-—Photomicrograph after injection of Thorotrast. Chiasma Zone 2. Angular and irregular 
capillary network radiating in all directions. Antero-posterior section. x50. 
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These capillaries radiate in all directions and make an irregular angular network. 


(3) A zone continuing from the preceding and extending to the sagittal plane, 
showing finer and more regular capillaries (Fig. 5), reminiscent of those in Zone 1. 
It may be pointed out that the capillaries of the temporal part of the optic nerve 
do not continue to the optic tract but curve back to the sagittal plane after having 
penetrated the chiasma. 





Fic. 5.—Photomicrograph after injection of Thorotrast. Chiasma Zone 3 (above) and Zone 7 
(below). Capillaries above similar to Zone 1, but even smaller, and below similar to the optic- 
tract capillaries. Transition-type. Antero-posterior section. 50. 


(4) The median zone, more or less hexagonal, extends from the anterior border 
of the chiasma to its posterior border. It shows capillaries which are larger and 
run in a transverse direction, connecting the left and right sides. These are the 
junction capillaries from which finer capillaries arise. The capillary network is 
less dense and less tortuous in the central part than in the paramedian parts 
(Figs 6, 7, 8, and 9). In a general fashion the capillaries follow the tract of the 
fibres. This is the only chiasmal zone in which characteristic capillaries appear, 
which form true meshes and show a regular aspect throughout the zone. 

Fazio and Farina (1940) observed that the capillary network was less dense in 
the centre of the chiasma than in the paramedian regions. 


(5) In the transitional region between the optic nerve and the chiasma, there 
exists, on the nasal side, a zone in which the capillaries are fairly fine, extremely 
irregular, and very confused. These capillaries, with no well-defined directional 
pattern, show abrupt changes in direction with rounded angles (Figs 10, 11, 
and 12). 
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Fic. 6.—Photomicrograph after 
injection of Thorotrast. Chiasma 
Zone 4. Greater vessels ex- 
tending over central aspects (a) 
lying in the direction of 

bres. Capillary junction pat- 
tern typical of the chiasma (5). 
Antero-posterior section. x 50. 


FiGc..7.—Photomicrograph after 
injection of Thorotrast. Chiasma 
Zone 4. Capillary junction 
pattern (a), larger than the net- 
work formed by the other capil- 
laries (5) originating from that 
typical pattern of the chiasma. 

thin antero-posterior 
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Fic. 8.—Photomicrograph after injection of Indian ink. Chiasma Zone 4. 
Capillary junction pattern (a) of larger size than the other capillaries. 
Antero-posterior section. X18 








Fic. 9.—Benzidin stain. Chiasma Zone 4. Capillary junction pattern (a) existing 
also in a smaller size. Antero-posterior section. 


(6) A zone consisting of a triangular region with its base on the temporal 
border of the chiasma and directed towards the posterior border. Fairly important 
capillaries are found here, and those on the temporal side especially are closely 
similar to the capillaries of the optic tract (Figs 13 and 14). 


23 
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Fic. 10.—Photomicrograph after injection of Thorotrast. Chiasma Zone 5. Irregular capil- 
laries with curly meshes (a). Epichiasmal arterioles plunging into the chiasma (6). Antero- 
posterior section. x 50. 


Fic. 11.—Photomicrograph 
after injection of Indian ink. 
Chiasma Zones 1, 2, 4, 5 and 6. 
Heavy contrast between Zone 
5 and surrounding zones. 


Anterior-posterior section. 
x 18. 





(7) A transitional zone between the third and the sixth zones. It has the form 
of a half-moon and stretches from the temporal border of the chiasma to the 
median zone. It includes tortuous capillaries, fairly large but not numerous, 
which form a network with no apparent systematic arrangement and with no 
well-defined structure (Figs 5, 14, and 15). 
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Fic. 12.—Benzidin stain. Chiasma 
Zone 5. Irregular fine capillaries 
with angular subdivisions. Antero- 
posterior section. 


Fic. 13.—Photomicrograph after 
injection of Thorotrast. Chiasma 
Zone 6. Different arterioles (a). 
Capillary pattern (5) is to be com- 
pared to that of the optic tract. 
Antero-posterior section. 35. 
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Fig. 14.—Photomicro- 
graph after injection of 
Indian ink. Chiasma 
Zone 6. Larger vessels 
Cajand capillary pattern 
of the optic tract (b); 


Strong contrast with 
mes L and 2.° «18. 





Fic. 15.—Benzidin stain. Chiasma Zone 7. Transitional pattern of capillaries some- 
what larger and less numerous, with no definite structure. Antero-posterior section. 
These findings may be summarized as follows: 

In the chiasma there are capillaries of the type found in the intracranial 
optic nerve (Zones |, 2, and 3), those of a type found in the optic tract 
(Zone 6), and some special types at the level of Zone 4 (typical junction 
capillaries}, Zone § (an isolated group of irregular capillaries), and Zone 7 
(atypical transitional capillaries). 

The characteristics of the capillary network of the chiasma are therefore 


as follows: 


(1) Typical connecting capillaries (junction capillaries). 
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(2) Different atypical capillaries of varying localization. 


(3) Dissociation between myelo-architecture and angio-architecture. 


In considering the macroscopic and microscopic vascularization of the 


chiasma, therefore, we find that a chiasmal affection manifested by charac- 
teristic perimetric deficiencies could hardly be dependent on an interruption 


of the extratissular vessels, which are too numerous for this, but must be 
due to mechanica) compression, which would have a direct unfavourable 


effect on the capillary network, certain zones of which may be more readily 
affected than others. 


Summary 
(1) Yhe chiasma is supplied chiefly by the internal carotid, the anterior 
cerebral, and the anterior communicating arteries. 


(2) An. arteriolar arch with a posterior concavity is interposed between 
these vessels and the anterior part of the chiasma. 


(3) A chiasmal artery, a collateral of the anterior communicating artery, 
was found in one-third of the cases examined. 


(4) The arteriolar and capillary network of the optic nerve and the optic 
tract partly invades the chiasma. 


(3) Outside the Median zons of the chiasma there is a rupture between the 
myelo-architecture and the angio-architecture of this organ. 
(6) Seven different capillary zones can be distinguished at the level of the 


chiasma. 


(7) Of these only the median zone (Zone 4) showed a typical structure 
with loops of connecting capillaries. 


(8) The significance of these different zones is not known. 
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ECZEMA OF THE EYELIDS* 


BY 
PETER BORRIE 


Moorfields Westminster and Central Eye Hospital and St. Bartholomew’s Hospital, London 


ECZEMA may be defined as a particular type of catarrhal inflammation of the 


skin, manifesting itself as vesication, weeping, or thickening of the epidermis, 


lt can be caused by substances reaching the skin from outside the body 


(contact eczema or dermatitis), the subsequent reaction resulting either from 
a simple primary irritant effect or from an allergic mechanism. Patch tests 


are applicable to the latter form alone. When the causative substance is a 
medicament, the condition is called dermatitis medicamentosa. In the 
absence of a demonstrable external cause, the condition is known as con- 
stitutiona) eczema, and nowadays, when the main factor appears to be mental 
stress, is frequently termed neurodermatitis: Infective eczema or dermatitis 
(infectious eczematoid dermatitis) is thought to result from the irritant or 
allergic effect of the products of micro-organisms on the surface of the skin. 
Finally, any eczematous process, whether contact or constitutional, can cause 
a sympathetic eruption in a distant area of the skin, and »patients not un- 
commonly report complaining only of the secondary eruption. 

The eyelids are particularly susceptible to eczema, but this condition has 
been largely neglected in the literature. Theodore (1954, 1955) discussed 
some of the possible causes and Tzanck (1949) detailed the factors responsible 
in thirty cases of contact dermatitis. Swinny (1951) analysed 63 cases of 
contact dermatitis in which the eyelids were involved, though not necessarily 
primarily. ; 

The present paper attempts to evaluate the incidence of eczema of the 
eyelids in ophthalmological practice, together with the relative frequency of 
the various types. 


Material 
During the 5 years 1951-1955, 238 cases of eczema of the eyelids were seen in the 
dermatological department of Moorfields Hospital, comprising 20 per cent. of the 
total cases referred. All were referred by ophthalmologists and 201 had attended 
hospital in the first place for the eyelid condition. Of the remaining 37, thirty 
developed dermatitis medicamentosa and seven infective dermatitis subsequent to 
attending hospital. 





* Received for publication October 22, 1956. 
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The cases are divided into seven groups (Table I): dermatitis medicamentosa, 
contact dermatitis, suspender dermatitis (nickel sensitivity), infective dermatitis, 
neurodermatitis, constitutional eczema, and cases of apparent contact dermatitis in 


which the cause could not be ascertained. 


TABLE I 
ANALYSIS OF CASES OF ECZEMA OF THE EYELID 





Percentage of 











Type of Eczema | No, of Cases | Total 
Referred to hospita) for eczema of eyelids es és 201 85 
Referred for other reasons a a re | | 38 | 15 
Dermatitis medicamentosa ae “a ae wee 68 29 
Contact dermatitis .. _.. Pi ae Pie 47 20 
Suspender dermatitis init sensitivity) ae PRES 12 5 
Infective dermatitis = ais vars) 77 32 
IG egos Garo gw hee eke wer Tt 14 5:5 
Constitutional eczema Pes a Fo a Se 4 1:7 
Not diagnosed ms Ve i ie a i 16 6 
Total as << are he ek 238 20 
Observations 


(1) Dermatitis Medicamentosa.—The reaction in this type is usually acute, 
with considerable swelling of the lids, not infrequently closing the eye 
completely. Erythema and exudation occur and, although the affected area 
may spread onto the surrounding skin for a variable extent, the margin 
remains well defined (Fig. 1). When the exudation is profuse, secondary 
infection is common through the frequent infectious nature of the primary 





Fic. 1.—Dermatitis medicamentosa (penicillin ointment). 
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ocular condition, and sero-purulent crusting or frank pus formation may 
occur. 

There were 68 cases of dermatitis medicamentosa (29 per cent. of the total), 
44 in males and 24 in females. The age incidence was fairly evenly spread 
from 20 to 70 years, a slightly greater number occurring in the seventh decade. 
Table II shows the medicaments primarily responsible for the condition, but 
21 of the cases had reacted to two 








TABLE II 
DRUGS RESPONSIBLE FOR DERMATITIS OF more substances, most of the 
MEDICAMENTOSA multiple sensitivities being due to 
anti-bacterial drugs, including 
Medicament No. of Cases chlortetracyline (aureomycin) and 
— | oxytetracycline (terramycin). 
Penaneg atone at - Penicillin, in the form of a cream 
Mercury i 4 more often than drops, caused the 
home | . greatest number of reactions, with 
Mydricaine .. | 2 albucid a good second, these two 
— | substances accounting for just 
Chloramphenicol | 1 under two-thirds of all cases. 
as oa ema This is in keeping with dermato- 
Quinolor 1 logical experience, local penicillin 
Not known .. | 7 


and sulphonamide therapy having 
: long been abandoned (Carleton, 
1953). In two cases the reaction was mild and persistent, having been present 
for 3 and 6 months respectively. The cause, in the first, was the application: 
of Quinolor ointment to the inside of the nose. Whether the substance 
reached the eyelids by retrograde spread up the lacrimal duct or via the 
fingers, it is not possible to say. The second case was caused by ung. hydrarg. 
ox. flav., which had been applied daily to the lid margin for 10 years. The 
patient who reacted to Nostrolene had also applied it to the inside of the nose. 

Treatment consisted in bland therapy, and recovery took place in | to 4 
weeks. Two cases had to be admitted to hospital for a week because of the 
severity of the reaction. In several cases gross secondary infection was 
aggravating and perpetuating the condition. These were treated with 0-5 per 
cent. neomycin ointment for a few days. This drug is recommended for the 
routine treatment of staphylococcal infections of the eyelids. It is quite as 
effective as the other antibiotics, very rarely sensitizes, and is never used 
systemically, so that if resistant strains of bacteria result from its use this 
will not affect future systemic antibiotic treatment. 





(2) Contact Dermatitis—There were 47 cases of contact dermatitis (20 
per cent. of the total); 33 were industrial in origin, 28 of them in men. Of 
the non-industrial group, ten of the fourteen cases were female. The age 
incidence was fairly evenly spread from the third to seventh decades, the 
maximum number of cases being in the fourth decade. 
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An analysis of the causes is given in Table III. 


TABLE III 
SUBSTANCES RESPONSIBLE FOR CONTACT DERMATITIS 











Industrial 
Non-industrial 
Primary Irritant Allergic 

Cosmetics 5 Paint 2 Chemicals 10 
Chrysanthemums 2 Cement 2 Synthetic glue 5 
Turpentine re | Battery acid 1 Wood dust 3 
Angora wool 1 Lime 1 Synthetic rubber solution 1 
Firework fumes 1 Petrol 1 Paint 1 
Maceration 2 Paint remover 1 Potassium dichromate 1 
Syringing 1 Acetone 1 Paraphenylene diamine 1 

Bleach 1 Carbon tetrachloride 1 











In the non-industrial group, the small number of cases due to cosmetics 
(including one due to nail varnish, and one which occurred in a man who used 
his wife’s face cream) is interesting, but in keeping with contemporary 
dermatological experience. The maceration resulted from epiphora, the 
dermatitis clearing when this was cured. 

In the industrial group, the chemicals responsible for the cases of allergic 
hypersensitivity were complex, often known only by a number. They were 
used in various manufacturing industries. The synthetic glues were all 
formaldehyde-resin glues, the sensitivity being to the formaldehyde, which 
escapes as fumes. Of the cases due to wood dust, two reacted to mansonia 
wood and one to teak. 

The reaction in contact dermatitis is usually less acute than in dermatitis 
medicamentosa. Oedema may show itself in exaggeration and proliferation 
of the wrinkles of the eyelids, rather than in swelling (Fig. 2). Erythema, 
which may be dusky or even pigmented, and scaling are always present, as 





Fic. 2.—Contact dermatitis (paraphenylene diamine). 











PETER BORRIE 





746 


opposed to angio-neurotic oedema and lymphoedema in which the swelling is 
unaccompanied by epidermal change. In the cases caused by primary 
irritation, contact usually occurred only once, and then by accident, the eye- 
lids, unlike the hands, being spared frequent contact with the many irritant 
substances which form an integral part of civilized life. Diagnosis was, 
therefore, easy. When the condition was due to allergic hypersensitivity, 
however, diagnosis was extremely difficult. The symptoms were usually 
intermittent and the history long, the causative factor often being in gaseous 
form, e.g. essential oils of plants, formaldehyde, etc., or a substance which 
had hitherto been innocuous, e.g. cosmetics. One woman had helped her 
husband in his fur business for 25 years before she became sensitive to para- 
phenylene diamine, the substance with which the furs were dyed. Patch 
tests were helpful in this group and not infrequently enabled a specific 
diagnosis to be made. 

Treatment consisted in defining and removing the causative factor and 
treating the lid with 0-5 or 1 per cent. hydrocortisone ointment. Secondary 
infection had occurred in some of the primary irritant cases and these were 
treated with a mixture of | per cent. hydrocortisone and 0:5 per cent. 
neomycin ointments. 


(3) Suspender Dermatitis ——This condition, which is due to an acquired 
sensitivity to the nickel present in chromium-plated jewellery and clothing 
accessories, is the commonest cause of contact dermatitis seen in dermato- 
logical practice (Calnan and Wells, 1956). One of the features of the con- 
dition is the secondary eczematous eruption which occurs in three out of 
four patients, the second commonest site affected being the eyelid. Many 
patients do not seek medical advice until the secondary eruption is present. 

Twelve such patients were referred to Moorfields hospital. None of them 
associated the eyelid condition with that under their suspenders, brassiere 
buckles, etc., and the presence of the latter was only discovered on direct 
questioning. In four cases the eyelid condition began at the same time as 
that in the other areas and in eight it followed by periods varying from 45 
years to a few months. On the eyelids the condition was frequently inter- 
mittent, and consisted of swelling, erythema, and scaling (Fig. 3, opposite). 
Treatment consisted in avoiding the use of chromium-plated jewellery and 
plastic clothing accessories, and the application of hydrocortisone ointment; 
recovery took place in | or 2 weeks. 


(4) Infective Dermatitis —As well as being the largest group (77 cases), this 
was the most difficult both to diagnose and treat. The physical signs con- 
sisted of exudation and crusting, with some swelling (Fig.4, opposite). Each 
attack lasted for weeks or months and recurrent attacks were common. It 
originated usually in a tiny fissure at one or other of the canthi or in a fold 
of the upper lid. In 22 cases (29 per cent.) it followed an ocuiar condition: 
conjunctivitis (8 cases), styes (5 cases), blepharitis (4 cases), etc., the eye itself 
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Fic. 3.—Eczema of the eyelids, secondary to nickel sensitivity (suspender dermatitis). 


Fic. 4.—Infective dermatitis (infectious eczematoid dermatitis). 
being spared in the other 55 cases. 25 cases (30 per cent.) were associated 
with a similar condition in other areas of the skin: retro-auricular intertrigo 
(18 cases), otitis externa (3 cases), sycosis barbae (2 cases), and infective 
dermatitis of the scalp and anterior nares (one case each). These conditions 
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were not necessarily present at the same time as the invo}vement of the 
eyelids, attacks being intermittent, affecting sometimes one a1za and some- 
times another. The sexes were equally affected, but the age incidence 
differed from that of all other types of eyelid eczema, in that eighteen cases 
(24 per cent.) occurred in children under 10 years old. This is in keeping 
with the incidence of retro-auricular intertrigo, with which infective derma- 
titis of the eyelids is considered to be identical. 

The nosology of this condition is obscure. Some authorities (MacKenna, 
1952) consider it to be a manifestation of seborrhoeic dermatitis. Since, 
however, the latter condition is difficult to define and of unknown aetiology, 
this classification is not particularly helpful. In the present series of cases 
there was no real evidence of seborrhoea other than recurrent infective 
conditions of the skin, and the scalp was involved in only one case, blepharitis 
being present in four. The present author considers this condition to be an 
allergic or irritant response to the local presence of micro-organisms, not 
necessarily pathogenic in the usually accepted meaning of the term, occurring 
in certain sites where two surfaces of skin are nearly or quite in apposition 
(eyelids, external auditory canals, nostrils, above, behind or below the 
pinnae) and where, for local and possibly also constitutional (“‘seborrhoeic’’) 
reasons, the normal auto-disinfective properties of the skin are defective. 
Added mild trauma, such as rubbing and scratching, tends to precipitate and 
perpetuate the condition and this may explain the high incidence in children. 

In general the results of the analysis of these cases are in keeping with those 
of Theodore (1954), except that only a minority were associated with ocular 
abnormalities, an equal number being associated with similar purely cuta- 
neous conditions. It is certainly agreed that it is the commonest form of 
chronic eyelid eczema, 32 cases (42 per cent.) persisting in a single attack for 
1 to 6 months after treatment was begun, and 14 (18 per cent.) for 1 to 3 years. 

Treatment is difficult, because the micro-organisms (almost always 
staphylococci) have to be removed, and the eczematous process has then to 
be treated and cleared before re-infection takes place. The most logical 
approach is with neomycin ointment, followed or combined with hydro- 
cortisone ointment. Since- this regime was introduced, results have been 
much improved, although prolonged treatment is sometimes necessary, 
suggesting that, in these cases, it is suppressive rather than curative. 


(5) Neurodermatitis—There were fourteen cases which were given this 
diagnosis. Irritation was the most prominent symptom; this was accom- 
panied by slight swelling and considerable thickening and pigmentation 
(Fig. 5, opposite). True lichenification was only present in one case. The 
condition was remittent, the exacerbations being clearly occasioned by stress. 
In six cases other patches of neurodermatitis were present either before or 
accompanying the involvement of the eyelids. There were eleven female 
and three male cases, thirteen of them in the fifth to seventh decades. 
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Fic. 5.—Neurodermatitis. 


Two patients were employed in jobs which they disliked and which 
necessitated continuous visual strain, and both recovered completely on 
changing their jobs. One man recovered when he changed his secretary, over 
whom there had been considerable difficulties of one kind and another. 
Eight other patients were cured by explanation, reassurance, and a judicial 
use of sedatives and amphetamine. One woman, who was concerned about 
the condition of her heart, recovered after examination and reassurance by a 
physician. The last two patients moved on to their fourth and fifth hospitals 
respectively. X-ray therapy was ineffective, but hydrocortisone ointment 
was useful in suppressing the irritation while more permanent measures were 
being explored. 


(6) Constitutional Eczema.—Four cases of constitutional eczema were 
referred because of involvement of the eyelids, the original condition being 
discoid eczema in three and cheiropompholyx in one. They had been 
treated by their family doctors for the primary condition and had not been 
referred to hospital until the eyelids became involved. The condition of the 
eyelids settled down with bland treatment and when the original eczema was 
either cured or brought under control. 


(7) Eczema of Unknown Origin.—There remain sixteen cases which have 
persisted with mild remittent or intermittent eczema of the eyelids, in spite of 
thorough investigation and treatment. This represents nearly 7 per cent. of 
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the whole. They are probably examples of the allergic contact type in which 
the allergen has not been discovered, such persistent and undiagnosed cases 
being, unfortunately, not uncommon (Epstein, 1951). 


Summary 

238 cases of eczema of the eyelids are analysed and subdivided into the 
following seven aetiological groups: dermatitis medicamentosa, contact 
dermatitis, suspender dermatitis (nickel sensitivity), infective dermatitis, 
neurodermatitis, constitutional eczema, and undiagnosed eczema. 

Nearly two-thirds of the cases in the dermatitis medicamentosa group, the 
second largest, were caused by penicillin or albucid. It is suggested that 
neomycin ointment is the most effective and safest application for infective 
conditions of the lids and lid margins. 

Contact dermatitis formed the third Jargest group, 70 per cent. of the cases 
being industria) in origin and only 10 per cent. being due to cosmetics. 
Patch tests are only helpful when the reaction is due to an allergic mechanism 
as opposed to primary irritation, which was the case in two-thirds of the 
group. 

Twelve cases were due to suspender dermatitis (nickel sensitivity). The 
patients had not reported to their doctors until the eyelids were involved and 
did not mention the suspender dermatitis until specifically questioned, 

\nfective dermatitis formed the largest group, as well as being the most 
difficult to treat, and was responsible for the greatest number of chronic 
cases. ‘Yhe exact cause of the eryption in this group is obscure. {hn the 
present state of our ignorance, judicious treatment with neomycin and hydro- 
cortisone ointments offers the best chance of cure. 

Fourteen cases of neurodermatitis responded well to explanation, re- 
assurance, and, when possible, rectification of the primary cause. 

In four cases, the eyelid eruption was caused by a direct spread of consti- 
tutional eczema affecting other areas of skin, although the patients were not 
referred for specialist opinion until the lids were involved. 

Finally, sixteen cases remained undiagnosed; they were probably examples 
of allergic contact dermatitis,-in which the allergen was not discovered. 

Eczema of the eyelids comprised 20 per cent. of all cases referred from the 
ophihalimic to the dermatological department at Moorfields Hospital and is 

clearly a condition of some importance in both these specialties. 
REFERENCES 


Caunan, C. D., and Wexts, G. C. (1956). Brit. med. J., 1, 1265. 
CARLETON, A. (1953). Proc. roy. Soc. Med., 46, 265. 


Epsrein, S. ((951 U. Ant. Allergy, 9, 777. 


MacKenna, R. B. M. (1952) 3 chk of the Skin ”’, 5th ed., p. 512. Bailliére, Tindal) & 
Cox, London. 

Swinny, B. (1951). fm. Allergy, 9, 774: 

THEODORE, F. HW. A954). Trans. Amer. Acad, Ophthal. Otolaryng., 58, 708. 





-, ( 1955). J. Mt Sinai Hosp., 21, 255. 


Tzanck, A.(1949). ViIme Congréss des Dermatologistes et Syphiligraphes de Langue francaise, 
Bruxelles- “Liege”, Rapports, p. 27 











~~ + cA ~ 








ich 


Ses 


he 
ct 
1S, 


he 


at 


ve 


\- 
ot 


7S 








Brit. J. Ophthal. (1956) 40, 751. 


OXYPHENONIUM BROMIDE AS A MYDRIATIC* 


BY 
H. FRASER 


Department of Ophthalmology, Manchester University 


OxYPHENONIUM bromide (Antrenyl) is a synthetic quaternary ammonium 
salt. It is a crystalline substance easily soluble in water with a neutral 


reaction. Chemically it is diethyl (2 hydroxyethyl)—-methy] ammonium 
bromide-a-phenylcyclohe~ * aeglycolate with the following formula: 


C,H, On CH, CoH 
) 


C—~CO0— Ct + CH A 
: { 
Cons Br CoH 


Oxyphenonium has an anticholinergic action like that of atropine and is 
used as an antispasmodic and autonomic ganglion-blocking agent in the 
treatment of peptic ulcer (Rowen, Bachrach, Halsted, and Schapiro, 1953) 


and in pre-anaesthetic medication to diminish salivary secretion (Mushin 


and Adams, [955). 


Wiavener and Falls (1954) found that one drop of 5 per cent. oxyphenonium 
bromide instilled into the eyes of adult albino rabbits caused excellent 
mydriasis within one hour which persisted for from 4 to 8 days. They also 
found that the mydriasis so produced was unaffected by the instillation of 
0:05 per cent. diisopropy) fluorophosphate in peanut oil or 2 per cent. 
pilocarpine hydrochloride. 

Abrahamson and Hurwitz (1954) studied the effect of a 5 per cent. solu- 
tion of the drug in twenty adult patients and found that the pupil became 
fully dilated in from 37 to 80 minutes and that the dilatation persisted for 
from 10 to 21 days. 

In the present study, oxyphenonium bromide was used as a 5 per cent. 


solution in 1:.5,000 benzalconium chloride. Acutely inflamed eyes were 


treated every 4 hours, the frequency of dosage being reduced as the eye 


condition improved, post-operative cases were usually treated with twice- 


daily instillations. No attempt was made to eliminate multiple daily doses 
of the drug, as was suggested by Abrahamson and Hurwitz (1954) on the 


basis of the long-lasting effect of the drug. 





* Received for publication, September 27, 1956. 
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Of the 75 patients treated, 34 had had operations for cataract, glaucoma, 
retinal detachment, and penetrating injuries, and the remaining 41 were 
medical cases, including uveitis, kerato-iritis, vascularizing keratitis, herpes 
zoster ophthalmicus, deep keratitis, and molten metal burns, All the 
patients had already developed an allergy to atropine drops; in addition 
nine patients were sensitive to hyoscine, four to lachesine, one fo hyoscine 
and lachesine, one to hyoscine and duboisine, and one to homatropine, 
l\achesine, and duboisine. 


In all cases the mydriasis was as great as with atropine, and in six cases 
the pupil dilated more widely with oxyphenonium than it had done with 


atropine. 
The Table shows the length of time patients were kept on the drug. The 


majority of the post-operative patients were treated for less than 10 weeks, 
and the majority of the medical cases for more than 10 weeks. 











TABLE In all but two of the 75 patients, 

DURATION OF TREATMENT WITH treatment with oxyphenonium was 
OXYPHENONIUM BROMIDE continued without difficulty until the 
No. of Weeks No. of Patients necessity for a mydriatic no longer 
existed, in spite of the previous sensi- 

Ae ai tivity of the patients to other my- 
21-30 7 driatics. The patient who had 
31-40 3 already developed sensitivity to four 

50 + I mydriatics suffered from iridocyclitis 

1 day only secondary to a leaking lens capsule. 
Total Patients 75 He had developed irritation to atro- 
pine after 15 weeks, to duboisine, 








after 1 week, to lachesine after 2 weeks, and to homatropine after 1 week. 
He was then prescribed oxyphenonium bromide, and this enabled the eye 


to be kept under mydriasis, the right lens being extracted 4 weeks later 
while the eye was quiet. He continued to use oxyphenonium for a further 
8 weeks when all treatment was stopped. 

Two patients had already developed sensitivity to three mydriatics. The 
first, suffering from herpes zoster ophthalmicus with involvement of the 
cornea and uveal tract, developed irritation with atropine after 10 weeks, 
then with hyoscine after 6 weeks, and then with lachesine after 26 weeks: 
oxyphenonium was then used for 36 weeks without ill effect. The second, 
suffering from severe vascularizing keratitis of both eyes, developed allergy 
to atropine after 2 weeks, then to hyoscine after 1 week, and then to 
duboisine after 59 weeks; oxyphenonium was then used for 37 weeks with 
no untoward effects, the mydriasis being greater than with duboisine. 

There is always a complaint of a burning sensation when the drops are 
instilled into the conjunctival sac, but this is momentary. Only one 
patient, who had severe vascularizing keratitis for which the eye was later 
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removed, complained of severe burning and in this case the drug was stopped 
sites 24 hours. One patient, suffering from deep keratitis with secondary 


‘elaucoma, developed allergic dermatitis to oxyphenonium after 10 weeks 
treatment, having previously developed sensitivity to atropine after 5 weeks; 
subsequently the eye remained free from sensitivity on hyoscine for 42 weeks, 
after which all treatment was stopped. 


It is obvious that oxyphenonium has a useful place in ophthalmology, 


particularly since lachesine is no longer available. 


Summary 
75 patients in whom mydriasis was considered necessary, and who had 
already been found sensitive to local instillation of atropine and in some 
cases other mydriatics, were treated with oxyphenonium bromide 5 per cent. 
drops for periods varying from one day to 51 weeks. In one patient the 
drug had to be discontinued after 24 hours because of a sensation of severe 
burning, and another patient developed an allergic dermatitis. In the 


remaining 73 cases no allergic irritation occurred, and in all cases mydriasis 
was as good, and in six cases better, than with atropine. 


Oxyphenonium bromide is a useful addition to our armamentarium. 
J should like to thank Mr. O. M. Duthie and Dr. A. Stanworth for allowing me to treat their 


patients and for their guidance, and Ciba Laboratories, Horsham, Sussex, for sending me liberal 
supplies of oxyphenonium bromide. 
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CASE NOTES 
ANOMALOUS DEVELOPMENT OF RETINAL VESSELS* 


BY 
MARIJORY B. SNODGRASS 


Glasgow Eye Infirmary 


MicHaetson (1954), writing on the retinal blood vessels in man, stated that 
“an artery crossing an artery, or a vein crossing a vein, has not once been 
reported, or been personally observed”. This is in keeping with the present 
hypothesis that the development of retinal vessels in vertebrates is stimu- 
lated by a local intraretinal factor. In man, each quadrant of the fundus 
accumulates, during development, sufficient of this factor to attract to 
itself a vessel complex. Thereafter, it affects maximally the nearest budding 
vessel, thus explaining the rarity of an artery crossing an artery, or a vein 
crossing a vein. 

The two following cases show respectively a retinal vein crossing a retinal 
vein and a retinal artery crossing a retinal artery. 


Case Reports 
Case 1.—In the course of routine eye testing of a female patient, aged. 39 years, it was 
noted that the inferior nasal retinal vein in the right eye crossed the inferior temporal 
retinal vein at the optic disc (Fig. 1). No other vascular anomaly or abnormality was 
noted in either fundus. 


Fic. 1.—Case 1, right fundus, 
showing inferior nasal retinal vein 
crossing inferior temporal retinal 
vein at optic disc. 








* Received for publication, October 2, 1956. 
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Case 2.—A female patient, aged 66 years, complained of dimness of vision in the left 
eye for 3 weeks. Bilatera) retina) arteriosclerosis was found and the clinical picture of 
thrombosis of the left inferior nasal retinal vein was present. In addition, the inferior 
nasal retinal artery was seen to cross the inferior temporal retinal artery near the optic 
disc. Fig. 2, which shows the relevant portion of the left fundus, was painted 6 months 
after the occurrence of the branch venous thrombosis. 


ANOMALOUS DEVELOPMENT OF RETINAL VESSELS 


Fic. 2.—Case 2, left fundus, 


showing inferior nasal retinal 
artery crossing inferior temporal 


retinal artery at optic disc. 





Comment 


In one case the crossing occurs at the disc, and in the other near the disc. 
In both cases the nasal vessel crosses over the temporal vessel. This finding 
would support Michaelson’s contention that in an embryo there is probably 
a stage of development in which the temporal retinal vessels have com- 
menced to bud from the hyaloid artery before the nasal ones. Such crossings 
are probably freak occurrences, and occur near the disc because developing 
vessels lie close to one another in this area. An overlap in the response of 
the growing vessels to the retinal factor can be postulated as the cause of 
their development. 


I wish to thank Dr. J. Hill, Glasgow Eye Infirmary, for permission to report these cases and 
Mr. Gabriel Donald for the fundus paintings. 


REFERENCE 


MICHAELSON, I. C. (1954). ‘‘ Retinal Circulation in Man and Animals”, p. 102 and p. 100. 
Thomas, Springfield, Ill. 








Brit. J. Ophthal. (1956) 40, 756. 


PARAPHIMOSIS ORBICULARIS* 
BY 


LLOYD M. WEEREKOON 


General Hospital, Galle, Ceylon 


CONGENITAL EVERSION of the upper lid in infants has been reported 
before (Mazhar, 1955; Ostriker and Lasky, 1954), but the condition is 
sufficiently uncommon to warrant this account of two cases seen in Ceylon. 


Case Reports 

Case 1, a full-term male child, was delivered at home. Mother and baby were admitted 
on the third day to the obstetric ward for treatment of puerperal sepsis in the mother. 
The baby, a first child, was referred to the eye clinic. 

Examination.—The right upper lid was everted with red and grossly oedematous 
palpebral conjunctiva. The eye itself was normal. The other eye was not affected. 

Treatment.—A linear incision was made horizontally across the oedematous con- 
junctiva, and an attempt was made to return the everted lid to its normal position. 
This failed, as the lid sprang back to the everted position the moment digital pressure 
was removed. 

A lateral canthotomy was then performed, and a magnesium sulphate compress applied. 

Result.—The lid remained everted for several days, though the oedema gradually 
subsided. By the end of the week, however, the appearance of the eye was more or less 
normal with the lid in the correct position. 


Case 2, a full-term baby, was delivered at home. Delivery had been normal, with the 
midwife in attendance. The baby was brought to the eye clinic on the second day. 


Examination.—The right upper lid was everted with marked oedema of the exposed 
palpebral conjunctiva. The orbicularis behind the everted lid was in spasm, and manual 
return of the lid was not possible, both for this reason and because of the swollen con- 
junctiva. The eye was otherwise normal. The left eye was not affected. 


Treatment.—An immediate lateral canthotomy was performed and the child was 
returned to the ward. Magnesium sulphate compresses were applied to the eye, and 
sulphacetamide ointment was introduced into the palpebral sac to protect the cornea. 


Result.—The next morning the lid had returned to its normal position, though there 
was still some thickening from residual oedema. Recovery was complete within the 
week. 


Comment 


It is necessary to distinguish between the true congenital deformity of 
ectropion of the lid margins, usually associated with other congenital lesions, 
such as microphthalmos, buphthalmos, ptosis, or epicanthus (Duke-Elder, 
1952), and the eversion of the upper lid that follows the physiological trauma 





* Received for publication August 14, 1956. 
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of birth. In the first, either the upper or lower lid may be everted and may 
remain in that position; in the second, there is spasm of the orbicularis 
fibres behind the eversion, which is usually confined to the upper lid, with 
resulting oedema of the exposed palpebral conjunctiva. The appearance 
is very similar to the condition of paraphimosis prepuceae, hence the sug- 
gested terminology. 
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RHABDOMYOSARCOMA OF THE ORBIT* 


BY 
N. S. JAIN, D. V. SETHI, anp K. C. MAHAJAN 


Department of Ophthalmology, Irwin Hospital, New Delhi 


Few cases of orbital rhabdomyosarcoma, a rare neoplasm of high malig- 
nancy, have been described in the literature. The following case report 
records some interesting features of this type of tumour not hitherto reported. 


Case Report 


A boy aged 16 years developed a rapidly progressive and painless proptosis of the left 
eye in November, 1954. 


Examination.—The proptosis was axial in nature and the ocular movements were restricted 
in all directions but especially downwards and outwards. The left pupil was dilated, 
reacting sluggishly to light. The fundus showed venous engorgement and some papil- 
loedema. In December, 1954, the visual acuity was reduced to counting fingers at 2 ft. 
All investigations, including skiagrams of the orbital region, were negative. By the 
end of December, 1954, the proptosis had increased and there was marked chemosis 
of the conjunctiva. The patient had become very weak on account of continued 
anorexia and vomiting. 


Treatment.—Antibiotics were given for a fortnight without any improvement. 
Aspiration of the orbit was attempted in vain. By the middle of January, 1955, the 
patient had developed left-sided headache and insomnia, and showed primary optic 
atrophy causing total blindness in the left eye (Fig. 1). 

A course of deep x-ray therapy was started on January 18, and after the first exposure 
there was an improvement in all the subjective symptoms. By March 15 a course of 
15,000r (three fields) had been completed; there was a complete regression of the prop- 
tosis (Fig. 2), and all the subjective symptoms had disappeared, though the chemosed 
conjunctiva continued to prolapse in the lower part. 








Fic. 1.—Before deep x-ray Fic. 2.—After deep x-ray Fic. 3.—Recurrence before 
therapy, January, 1955. therapy, March, 1955. orbitotomy, July, 1955. 





* Received for publication, August 11, 1956. 
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First Recurrence-—On May 1, 1955, the proptosis-reappeared and increased rapidly. 
A second course of deep x-ray therapy, given between June | and 13, resulted in slight 

improvement only. 


First Operation —The patient first came under observation in July, 1955 (Fig. 3), and 
a Kronlein’s lateral orbitotomy was performed on July 23. While exploring the orbit we 
found a firm neoplasm of rubbery consistency in the lower part of the orbit near the 
apex between the optic nerve and the origin of the inferior rectus muscle. With finger 
dissection the neoplasm could be mobilized in all directions except at its very root near 
the optic foramen. This pedicle-like root, which cut like a fibrous structure, was 
divided with scissors and, as far as could be ascertained at the time of the operation, the 
neoplasm had been removed in toto (Fig. 4). All other structures in the orbit were left 
intact. 

Biopsy Report of Primary Tumour (courtesy of Dr. Norman Ashton, Institute of 
Ophthalmology, London) :—“‘ Sections show a highly malignant, densely cellular tumour 
undergoing focal necrosis in the areas more remote from the thick-walled blood vessels 
with which it is richly supplied. Much of the growth is undifferentiated and the cells 
exhibit a striking degree of pleomorphism; the predominant cell is pale and polyhedral, 
and occasionally shows two or three nucleoli within its nucleus. Other cells show a 
markedly vacuolated eosinophilic cytoplasm, a few racquet-shaped cells may be seen, 
and scattered giant cells are present. In some areas there are numerous fibrils and 
irregular oval or ribbon-shaped eosinophilic masses which show longitudinal or cross 
striations and resemble fragmented muscle fibres. The histological picture is typical 
of orbital rhabdomyosarcoma.” (Fig. 5). 





oe . 


Fic. 4.—Neoplasm removed on July 23, 1955. x 10, Fic. 5.—Section of neoplasm shown in Fig. 4. 
x 280 


(Courtesy of Department of Pathology, Insti- 
tute of Ophthalmology, London.) 


Second Recurrence.—On August 20, 1955, there was increased pain in the left orbit, 
with headache, anorexia, and chemosis of the lower bulbar conjunctiva. 

A third course of deep x-ray therapy was started on August 23, and by September 15 
a total of 2,000r (two fields) had been given. The patient was discharged completely 
symptomless on September 30. 

Third Recurrence—On November 4, 1955, he was re-admitted with the same evidence 
of recurrence as before. 
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Second Operation—On November 7, an exenteration of the left orbit was performed. 
At operation there was a severe haemorrhage from the cut stump despite clamping of 
the apex, which was apparently incomplete. This was controlled by tight packing, and 
a blood transfusion was given. Thiersch grafting had to be postponed to a later occasion. 
After regaining consciousness the patient was discovered to have developed a total right- 
sided hemiplegia. 

Biopsy of the exenterated orbital mass showed the tissues to be grossly infiltrated by 
the sarcoma. 

Progress.—On December 5, 1955, the hemiplegia had considerably improved, but on 
this day the patient complained of a transient total blindness in the right eye. A skia- 
gram of the left optic foramen showed widespread bony destruction. On December 10 
there was inspiratory dyspnoea, which increased so much that a tracheotomy had 
to be performed on December 18, after which the patient was completely relieved. 

First Metastasis ——On December 22, a direct laryngoscopy revealed the presence of a 
firm subglottal metastatic deposit of the size of a cherry, pink in colour and smooth- 
surfaced. The taking of a piece of tissue:for biopsy produced considerable bleeding. 
The bronchoscope could not be passed beyond the growth which was reported to be an 
anaplastic sarconia. * 

Fourth Recurrence-—On January 30, 1956, there was a slow local recurrence in the 
orbit, with pain, headache, vomiting, cachexia, and anaemia. By February 9 a more 
rapid growth had filled almost half the orbit and a skiagram showed destruction of the 
posterior ethmoidal cells. 

Further Metastases.—A skiagram of the lungs.showed metastatic deposits in the right 
mid zone, left base, and left sternoclavicular region. The tracheal growth was now 
about 2 in. in diameter, and was palpable from outside. 

Third Operation—On February 13 the neoplasm, which now filled the left orbit, was 
excised with diathermy coagulation. Palpation of the orbital walls revealed total 
destruction of the floor and medial wall, and 2 days later the right eye showed primary 
optic atrophy, and the boy became completely blind. 

The patient died on March 3, 1956. Autopsy was not permitted; but as far as could 
be judged clinically there was no evidence of enlargement of the liver, spleen, or 
regional lymph nodes until the very end. 


Discussion 
Describing nineteen cases, Reese and Calhoun (1941) gave an average 
age of 6 to 7 years for the occurrence of an orbital rhabdomyosarcoma, 
their youngest patient being 2 and the eldest 13 years of age. Our patient 


was well outside this age group. 


This type of neoplasm has been reported to be more common on the 
right side with a predilection for the superior nasal quadrant of the orbit, 
but in our case the site of origin was the inferior temporal quadrant on the 
left side. A tumour originating from the inferior rectus, as in this case, has 
been previously described only by Dérer (1929). 

Rakoy (1937) and Jénsson (1938) reported that rhabdomyosarcomata 
invariably terminated in death, but three cases of permanent cure after 
exenteration were reported by Reese and Calhoun (1941). The average 
span of life reported by Reese and Calhoun (1941) was | year and 5 months 
and our patient died | year and 4 months from the time of the appearance 
of the tumour. There were four local recurrences: after deep x-ray therapy, 
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after removal by lateral orbitotomy, after orbital exenteration, and after 
local excision by electro-coagulation. Although temporary regression of 
the neoplasm took place several times, the metastatic tracheal and lung 
deposits remained unaffected by deep x-ray therapy. 

Several features of the present case are of unusual interest: 

(1) The axial proptosis and early optic atrophy leading to blindness 
suggested a possible optic nerve tumour. The proximity of the neoplasm 
to the optic foramen caused pressure atrophy of the nerve. This is a feature 
not reported hitherto, although papilloedema was noted in one case 
by Reese and Calhoun (1941). 

(2) The diameter of the optic foramen was enlarged by about half an inch 
by early bony destruction. 

(3) The temporary dramatic response of the primary tumour to irradia- 
tion was followed by a lack of response of the recurrent orbital tumour 
and the tracheal metastasis. 

(4) The neoplasm was easily mobilized on finger dissection, and the 
apparent total eradication of the neoplasm by orbitotomy promised a good 
outcome, but was soon followed by a local recurrence. 

(5) The occurrence of a temporary hemiplegia immediately after exentera- 
tion may have been due to a blood clot or an embolism by a cluster of 
malignant cells in the internal capsule, the latter favouring an early intra- 
crania) invasion. 

(6) A tracheal metastasis has not previously been reported. 

(7) Optic atrophy and total blindness in the other eye has not been 
reported previously. This could have occurred only by direct extension 
causing destruction of the basisphenoid and pressure atrophy of the opposite 
nerve, 

(8) The histology of the tracheal growth, which proved to be an ana- 
plastic sarcoma, showed’ the spindle cells changing to round cells in meta- 
stases, as described by Reese and Calhoun (1941). 


Summary 
A case of rhabdomyosatcoma of the orbit is described. Apart from its 


typical characters, this case showed certain new clinico-pathological features, 


which are discussed in light of the available literature. 
Our thanks are due to Dr. Sant Ram, histopathologist to the Sir Ganga Ram Hospital, New 


Delhi, for first pointing out the possibility of a rhabdomyosarcoma and to Dr. Norman Ashton, 
Director of the Department of Pathology, Institute of Ophthalmology, London, for giving us the 


conclusive histopathological diagnosis and photomicrographs. 
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HERPES OPHTHALMICUS* 


BY 


R, S. MACLATCHY 


Banbury 


THE treatment of herpes ophthalmicus varies considerably and although 


most cases respond reasonably well, many remain with one or more of 
the following complications: insensitive cornea; post-herpetic neuralgia; 
diminution of visual acuity; recurrent low-grade cyclitis; secondary 
glaucoma, In a few patients, a painful blind eye is the end result after years 
of treatment, and the removal of the eye is frequently as painful to the 
surgeon's ego as the eye has been to its owner. | 

The three cases reported below are ones in which one would have expected 
one or more complications to follow the cessation of the acute attack. 


Case Reports 


Case 1, a female aged 74, was in good health except that she was on the Blind Register 
because of glaucoma. She presented with herpes ophthalmicus on the right side, the pain 


and swelling having been present for 3 days when she was first seen. 
Examination.—The supra-orbital and ophthalmic branches of the fifth nerve were 


chiefly involved. The lids were closed ‘on account of the swelling and vesicles were 


present over the area involved. 


Local Treatment.—Anthisan cream and Corte)an ointment were app)ied to the affected 
skin area, and Polyfax ointment to the conjunctiva. The whole was covered with tulle 
gras which was \eft uncovered. 


General Treatment.—Injection of vitamin B;, 100 mg., and two Ancolan tablets to be 


taken with the )ast mea) in the evening. 


Progress.—On the second day, the condition was much the same but with no pain. 
The local and genera) treatment was repeated. : 

On the third day the swelling was much less. The rulle gras covering was no longer 
considered necessary; the vitamin B,> was not repeated, but the Ancolan tablets and local 
treatment were continued. 

On the fourth day most of the swelling was gone, and the vesicles were dry. Loca) 
treatment with Polyfax and Cortelan ointments was continued, as well as the Ancolan 
tablets at night. 

On the fifth day the eye was white, with lids normal, cornea) sensitivity norma), and 


no pain. A few small scabs on forehead were still itchy. All treatment was stopped 


except Cortelan ointment for the scabs. 


Result.—A week Jater all signs of the attack had completely disappeared. This patient 
has been seen several times since the attack and there has been no change over a period 
of 9 months. 





* Received for publication October 8, 1956. 
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Case 2, a male aged 60, stated that 6 days before, a spot had appeared just above the left 
eyebrow and that on the following day another half dozen or more appeared in this area. 
Little pain was felt until the fifth day, when the left eye became very painful. 
Examination —He was found to have herpes ophthalmicus on the left side, the supra- 
orbital branch being mainly involved. Vesicles were not particularly numerous and 
none was noted at the tip of the nose. The lids were moderately swollen and the cye 
very congested, and a dilated pupil could just be seen through the hazy cornea. The 
slit lamp showed what appeared to be large keratic precipitates. The Schistz tonometer, 


with no weight, showed the ocular tension to be 32 mm. Hg in the right eye and 90 in 
the left. The visual acuity was 6/18 in the right cye and less than 6/60 in the left. 


Treatment.—Intensive eserine was given with hot spoon bathing for half an hour. 
No change was Seen in the Schidtz measurements after this. Cortelan ointment was 


given for the conjunctival and skin lesions. 100 mg. vitamin By was injected, and 
Ancolan tablets, two to be taken with the last meal of the day, were ordered. The 
patient refused to come into hospital. 

Progress —On the second day he was very much more comfortable. The ocular 
tension was 32 mm. H¢ in the right eye, and 59 in the left. The cornea was clearer, 
and large numbers of keratic precipitates were now easily visible. Another injection of 
100 mg. vitamin B,. was given. He was told to continue with the Ancolan tablets and 
Diamox tablets 250 mg., one each morning, were ordered. : ; 

On the third day he was quite comfortable. The ocular tension was 19 mm. Hg in 


the right eye and 28 in the left. The pupil was normal in size, the visual acuity was 6/18 
in each eye, the keratic precipitates were disappearing, the lids were normal, and the 
vesicles were drying. Vitamin B,>. was stopped and the Diamox and Ancolan tablets 


were continued, 
On the seventh day the eyes seemed normal, and the pupils were equal and reacted 
normally. The visual acuity was 6/18 each eye. The ocular tension was 19 mm. Hg 


in the right eye and 36 in the left. The slit lamp showed that there were still some 
keratic precipitates. The Diamox and Anco)an tablets were continued. 

Result-—Four weeks later the ocular tension waS 25 mm. Hg in each eye, and the 
visual acuity (corrected) was 6/5 in each eye. There were no keratic precipitates. The 
affected eye was now normal and had remained so when the patient was last seen 7 


months after the attack. 


Case 3, a male aged 52, presented with herpes ophthalmicus on the right side. He stated 
that pain had commenced in the right eye 6 days before, and that vesicles had appeared 
in the following 2 or 3 days. 

Examination.—He was a healthy individual, now obviously suffering greatly and looking 
toxic. The lids were grossly swollen, and on)y with great difficulty were they separated 
enovgh to get a glimpse of the cornea, which appeared clear, although surrounded by 
grossly oedematous conjunctiva. Vesicles were present on the forehead, scalp, zygomatic 
area, eyelids, cheek, inner canthus, side of the nose near nares, and tip of the nose on the 
right side. He refused admission to hospital but came in the next day. 

Treatment.—Atropine ointment 1 per cent. and Polyfax ointment in the eye, and 
Cortelan ointment over the affected area, which was covered with tulle gras. He was 
given an injection of 100 mg. vitamin B,2 and Ancolan tablets, two with the evening meal. 

Progress.—When he was admitted to hospital on the following day his temperature 
was 101:5°F. There was obviously much secondary infection in the vesicles; these 
were cleaned with warm norma) saline and a weak solution of Acriflavine was applied. 
A million units of penicillin were injected as wel) as the vitamin B,». 
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On the third day the temperature was 100° F., the headache gone, and the swelling 


receding. He could open his eye in the evening without assistance. The penicillin and 
By» injections were repeated. 

On the fourth day the temperature was 99° F., the swelling rapidly disappearing, and 
the vesicles commencing to dry. The penicillin and By, injections were repeated, making 
a total of four B,, and three penicillin injections. 

On the fifth day the temperature was normal in the morning and 99° F, in the evening. 
The swelling had practically gone and some scabs had come off. No further injections 
were given, but the Ancolan tablets were continued. 

On the sixth day the temperature was normal in the morning and 99° F. in the evening. 
There was no swelling and many scabs had gone. 

On the seventh day the temperature was normal, and he was feeling comfortable. 

When I saw him the second time, a week later, corresponding to his sixth day in 


hospital, the condition had completely cleared, except for a few scabs. The cornea, 


pupil, media, fundus were normal. 





Result.—He was discharged and went off on his interrupted summer holiday, and 
3 weeks later everything was normal except for two or three scars where really huge 


vesicles had been. 


Discussion 

It is not intended to discuss local treatment. This varies with each 
individual case and many different preparations will produce equally good 
results. 

All three patients had injections of vitamin B,, and Ancolan tablets. 
So far as the latter are concerned, I have had cases which have appeared 
to clear up on account of these, but other cases went on to very severe 
attacks in spite of the antihistaminic being exhibited in an early stage. 
Their continued use is due to-the fact that pain during the attack seems to 
be relieved and no cases of post-herpetic pain have occurred since they 
have been used. This may, of course, be coincidence but there is strong 
evidence that this is not so. 

It would appear that the vitamin B,, injections were of the utmost impor- 
tance in these three cases. The dose of 100 mg. was chosen arbitrarily. 

In the case with secondary glaucoma the Diamox may have been important 
but the tension had already begun to come down before it was exhibited. 


Summary 
(1) Three cases of herpes ophthalmicus are presented. 


(2) In each the condition, although very severe, was cured so far as the 
patient was concerned in 6 to 7 days. 


(3) Follow-up examinations have revealed no complications. 
(4) It is suggested that vitamin B,, injections of 100 mg. for 2 or more 
succeeding days were mainly responsible for the cure, but that anti- 


histaminic medication may have played an important part and possibly also 
in one case Diamox tablets 250 mg. 
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Brit. J. Ophthal. (1956) 40, 765. 
CORRESPONDENCE 


MEDICAL TREATMENT OF GLAUCOMA 
To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs—It has just come to my notice that, by an oversight, no acknowledgement has 
been made of my use and modification of an illustration from an article by Professor 
R. Thiel in a recent paper of my own entitled—‘‘ The Medical Treatment of Glaucoma”’, 
which was published in the Transactions of the Ophthalmological Society of Australia 
(B.M.A.), 15, 44 (1955). Professor Thiel’s article appears in Klinische Monatsblatter 
fiir Augenheilkunde, 125, 513 (1954). May | express my regret for this oversight as well 
as my appreciation of this valuable article. I have been surprised that some men 
studying this subject have failed to see it. The clarity of its illustrations make much of 


the letterpress redundant. 
Yours faithfully, 


J. RINGLAND ANDERSON. 
108, COLLINS STREET, 


MELBOURNE, AUSTRALIA. 
September, 1956. 


BOOK REVIEWS 


Blindness in England, 1951-1954. By Arnold Sorsby. 1956. Pp. 53, 1 fig., 36 tables, 
7 refs. H.M.S.O., London. (3s.) 


The paper consists of a review of 36,617 certificates of blindness issued in England 
(excluding the West Country) between April, 1951, and December, 1954, inclusive. 
The numbers in the total blind population are grouped according to age and are com- 
pared with the numbers of new registrations each year, the age at registration is studied 
and the degrees of blindness found in each age group are shown. This is followed by a 
consideration of the principal causes of blindness, and the figures for cataract and 
glaucoma are related to reported treatment. The various causes of blindness are 
analysed for age and sex incidence and any variations during the period are noted. 
Cases in which blindness arose from different causes in each eye are studied separately 
and there is also a Table for sympathetic ophthalmitis. Studies of infantile blindness 
are then made, with particular reference to retrolental fibroplasia; the various causes for 
admission of children to Blind Schools and Sunshine Homes are listed. 

Discussion follows and some of the salient features of the initial analysis are presented 
in more detail, Tables are given to show the increase of old persons in new registrations, 
the various sources from which the suggestion for registration came in each case, further 
Tables including the earlier figures from 1937 onward, hereditary studies, Tables analysing 
changes in the age structure of the blind population, and a comparative analysis of the 
major causes of blindness at different age groups in 1933-43, 1948-50, and 1951-54. 

This is a most important work, giving a wealth of valuable information unobtainable 
elsewhere in such a clearly presented form. Several points of particular interest are 
the rising incidence of blindness from diabetes, the increasing age of the blind population, 
the fact that some 50 per cent. of cataract cases might well benefit from operation, 
and the fact that 35 per cent. of the glaucoma cases had had no treatment up to the time 
of registration. Apart from congenital anomalies and abiotrophic defects, trauma is 
the greatest single cause of blindness in males in the age group 15 to 29, whereas it is a 
minor cause in females. On the other hand, in the age group 50-59, diabetes accounts 
for 17-6 per cent. of blindness in females compared to only 6-4 per cent. in males. 

The figures suggest the possibility that blindness from, glaucoma is declining some- 
what among the treated cases, and it will be interesting to see whether this trend is con- 
765 : 
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tinued in the future. The sudden emergence of retrolental fibroplasia as a major cduse 
of blindness in children and the marked decrease of the importance of infective diseases 
are noted. It is remarked that there has been a ‘“‘heavy and almost progressive increase 
in the number of children registered below school age’’, but reference to the figures 
reveals an apparent peak in 1952 with a decline in numbers since then. In an analysis 
of causes, it is implied that retrolental fibroplasia plays a part in the increased infant 
blindness and in a special section on retrolental fibroplasia the peak incidence of 1952 
is mentioned. Furthermore, it is stated later that the “pressure” (on schools for the 
blind) due to retrolental fibroplasia should decline after 1960. It is unfortunate there- 
fore that mention is not made of recent advances in the prevention of retrolental fibro- 
plasia, surely one of the outstanding achievements of ophthalmological research of 
modern times. 

The importance of geriatric and ophthalmic services co-operating in cases of cataracts, 
the value of glaucoma clinics, and the desirability of better co-ordination between general 
practitioners and the eye services are mentioned. In this respect it is interesting that 
some 70 per cent. of blind registrations are first sought by a lay authority, most commonly 
the National Assistance Board. 

Finally, the author attempts to give a conservative estimate of future trends and 
reaches the alarming conclusion that the Blind Register will rise to around 140,000 in 
1973; he even makes a reservation that this may be a serious under-estimate. 


Physiology of the Ocular and Cerebrospinal Fluids. By H. Davson. 1956. Pp. 388, 
109 illus. Churchill, London. (65s.). - 

This is the most comprehensive study of the physiology and biochemistry of the aqueous 
humour in the literature, and its interest and value are enhanced by a similarly complete 
review of present knowledge of the cerebrospinal fluid. In the biochemistry of both 
these fluids the author is a recognized authority—his first love, the aqueous, and a more 
recent, the cerebrospinal fluid; in this apparent inconstancy there is no real deviation of 
purpose, for, although the two may eventually be found to present fundamental differ- 
ences, they appear to be so closely related in their origin, their function, their composition, 
and their vagaries, that a study of both together cannot fail to be profitable. Both are 
equally outstanding in their interest and clinical importance; to marry the two studies is 
both informative and economical. 

The subject is fully discussed. A description of the relevant parts of the anatomy of 
the eye and the meninges and cisterns of the central nervous system is followed by a full 
stady of the chemical nature of both fluids, the site, nature, and properties of the barriers 
separating both from the blood, the normal exchanges between both and the blood, and 
the significance of abnormalities in these exchanges, either when the properties of the 
barrier are altered or when the constituents of the blood are varied or foreign solutes are 
added to it. The final chapter deals with fluid-pressures and the relation between the two 
fluids and the intra-ocular and cerebrospinal fluid pressures. 

The treatment of the subject is exhaustive yet simple, and most readers will be relieved 
that the elaborate mathematic symbolism, in which at present the dynamics of both these 
fluids is apt to be expressed—and which carries an unwarranted appearance of exactitude 
and finality to the student who does not realize the limitations of mathematical formu- 
lation as applied to most biological processes—is largely replaced by ordinary language. 
Moreover, the reader is introduced to each aspect of the subject from first principles, so 
that the more technical aspects of the argument are readily followed. We are told in 
simple language what a thermodynamic equilibrium is, the essential characteristics of a 
secretory process, the nature of osmotic pressure, and how fluid-pressure is established 
and can be varied. To those who know little of advanced physiology and biochemistry 


the writing is intelligible. 












juse 
ASES 


ase 
Ires 
ysis 
‘ant 
952 
the 
>re- 
ro- 

of 


Cts, 
ral 
hat 
nly 


ind 
in 








e 
BOOK REVIEWS 7167 


The main argument is that both fluids have a tripartite origin: 

(a) There is a primary secretion of a fluid of a characteristic composition by the cells 
of the ciliary epithelium or the choroid plexuses producing a secretory flow mechanism. 

(6) This is supplemented by a diffusion mechanism involving a two-way transfer of 
water and dissolved substances, mainly between the vessels of the iris and the chambers 
of the eye, or between the capillaries of the glia and the central nervous parenchyma into 
the ventricles and subarachnoid spaces. 

(c) In addition, there is an unselective flow from the blood-stream through a limited 
number of large intracellular pores which constitute the sole mode of entry of large 
molecules. 

The argument running through the book is interwoven with this hypothesis; other 
hypotheses receive relatively short shrift or are ‘hopelessly wrong”’ (as many of them are). 
The truth, of course, is that, despite the enormous amount of work which has been 
expended on these questions, despite the immense increase in the accuracy of the tech- 
niques of to-day compared even with 20 years ago, the available methods of study are 
still too crude to warrant any final conclusion in a subject full of complicated factors the 
assessment of which is far beyond our present knowledge. But the hypothesis is attrac- 
tive, and there is much to be said for it. The excellence of the writing, the ability of the 
presentation of the argument, and the persuasiveness of the logic, however, should put 
the reader on his guard lest he believe that the last word has been said. 

The errors in the book are few. It is stated that the inner wall of the canal of Schlemm 
is without stomata, to the neglect of recent histological and radiographic evidence that 
pores of a diameter between 1 and 2 » apparently exist. Retinal oedema is frequently 
visible ophthalmoscopically beyond the confines of the optic disc. But none of them 
affects the main argument. 

On the whole the book is most valuable. The survey of the literature is very complete, 
and the bibliographies are full. Moreover, although dealing with a highly technical and 
specialized subject, the book is very readable; altogether an excellent production repre- 
senting much industry. But—one definite quarrel—the subject with which it deals can- 
not be admitted in this Journal at any rate, to be “‘a backwater of physiology”; surely 
l'eau de vie de l’oeil is one of the central problems of the universe. But the author has 
partially atoned for this obvious lack of proportion by consistently placing the ocular 
fluid before the other—in introducing the neurologist to the ophthalmologist. 


Advances in Ophthalmology, Volume VI. Edited by E. B. Streiff. 1956. Pp. 372, 
42 figs, bibl. Karker, Basel. (82s.). 

The sixth volume of Advances in Ophthalmology, those supplements to Ophthalmologica 
whose periodic appearance we look forward to with anticipation and pleasure, contains 
an able, interesting, and comprehensive original article by Biirki of Basel on the preserva- 
tion of the cornea for grafting, with particular reference to the paraffin method. It deals 
with both experimental and clinical aspects of the problem with histological checks, 
strongly recommending preservation in liquid paraffin at 3 to 5°C. The remainder of 
the volume is occupied by two reviews: one by Jaensch of Essen of the literature from 
1947-52 on ocular motility and strabismus, and the other by Forni of Geneva, comprising 
the second part of a review of the literature from 1946 to 1951 on diseases of the cornea 
and sclera. Both these reviews are exhaustive and form a a useful and ready reference to 
the subjects with which they deal. ; 


Lectures on Motor Anomalies. By A. BIELScHOWSKY. 1956. Pp. 186, 62 figs. Dart- 
mouth Publications, Hanover, U.S.A. 

Bielschowsky’s classical lectures on motor anomalies of the eye, which were delivered 
in America and published in the American Journal of Ophthalmology between 1938 and 
1939, were subsequently published as a separate brochure. A new edition has now 
appeared with minor corrections. As a philosophic survey of motor anomalies of the 
eye, this résumé of the views of one of the great masters of the subject is unique, and it is 
good that it is once more available. 
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NOTES 


FACULTY OF OPHTHALMOLOGISTS 


Study Tour of Germany, 1956 


Munich.—Professor Rauschneider greeted us with an address of welcome in the newly- 
built lecture theatre of the University Eye Clinic. This hospital is being reconstructed, 
and the children’s ward, orthoptic department, and some of the scientific laboratories 
are already completed. The problems of glaucoma, uveitis, and orthoptics are being 
tackled with the latest apparatus by highly-trained personnel. Both intra- and extra- 
ocular operations were demonstrated by the professor and his assistants. 


Frankfurt.—Interesting lectures were given by Professor Thiel and his assistants on 
glaucoma, diabetic retinopathy, and tumours of the lids and their treatment. Some very 
excellent projections were used to illustrate points in these lectures. We were disap- 
pointed in not seeing more of the clinical work of the hospital, but a visit to the Hoesch- 
Farben chemical works was much appreciated. 


Bonn.—This visit was the high spot of the tour. The University Eye Hospital is entirely 
new and is built in the precincts of the University Hospital of which it forms part. It 
incorporates all that is new in design and construction and is probably the best scientifically- 
equipped eye unit in the World. Professor Miiller and his assistants did everything to 
show us their work. Dr. Meyer-Schwickerath demonstrated his method of light coagula- 
tion of the retina. The departments of dynamometry, electroretinography, biochemistry, 
pathology, and radiology were all engaged in research problems in addition to routine 
work. The professor ably performed several intra-ocular operations in the beautifully- 
appointed operating theatre. 


Hamburg.—By comparison the hospital here is old and lacks many of the facilities of 
Bonn. Professor Sautter has only recently been appointed and has not yet had time to 
make the changes he wishes. There is, however, no lack of clinical work. An operative 
session included cataract extractions, trephines, and surgical procedures for the correction 
of squint ably performed by the professor and his chief assistant. Interesting papers on 
hypertension and exophthalmic ophthalmoplegia were read and a film demonstrating the 
circulation in the region of the lamina cribrosa was shown. 

Our thanks are due to all the professors concerned and to their assistants for their 
courtesy, and the trouble they took to make the tour stimulating and successful. 


AWARDS 


The Lister Medal for 1956 has been granted to Sir Stewart Duke-Elder in recognition 
of his researches and writings in ophthalmology. The Medal is awarded triennially for 
contributions to surgical science by a committee representative of the Royal Society, the 
Royal College of Surgeons of England, the Royal College of Surgeons in Ireland, the 
University of Edinburgh, and the University of Glasgow. 


The Proctor Medal for 1957 will be awarded to Dr. Norman Ashton in New York. 
The Medal is presented annually by the Association for Research in Ophthalmology, Inc., 
for long-continued meritorious research in ophthalmology. 
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Telephone: Telegraphic Address: 
LANGHAM 0157 & 0158 LITHOTRITE, PHONE, LONDON 


JOHN WEISS & SON, LTD. » 


Surgical Instrument Makers, 
MAPPIN HOUSE (4th Floor) 
WINSLEY ST., OXFORD ST., LONDON, W.1 


ESTABLISHED 1787 


Modern Sterilization of 
Instruments by Hot Air 





Inner dimensions—I |” x 54” x 54” 


Overall dimensions—[6” x 144” x 10” 


IIlustrated is the standard model sterilizer fitted with thermostatic 


control. Price £43 15s. Od. 


A more comprehensive model is now available fitted with thermostatic 
temperature control, automatic timing control and maximum temperature 


cut out. Price £56 10s. Od. 


a 1 
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EAST SHEEN 
GLASGOW 
KINGSTON 
MANOR PARK 
MORDEN 
ORPINGTON, 
PERTH - 
PUTNEY - 
REDHILL - 
REIGATE - 
RICHMOND 


VICTORIA 


WATERLOO 


WIMBLEDON 
WORTHING 





CLIFFORD BROWN bP 
45 WIGMORE STREET 


LONDON, W.|) 
Telephone WELBECK 4730 


(Private Branch Exchange) 


Manufacturing Dispensing Opticians 





KENT 


S. WIMBLEDON 
TWICKENHAM 


° 


WANDSWORTH_~ - 


WELLING, KENT - 


A High Grade Dispensing Service is available 
at all our Branches 


210 Upper Richmond Road, S.W.14 


151 Upper Richmond Roéu, S.W.15 





- - 141 Bath Street, C.2 
- - = 14 High Street 
- 652 Romford Road, E.12 
- 8 Morden Court Parade 
- - + 260 High Street 
- - - 143 South Street 


- - = 113 Station Road 
- - 25 Church Street 
7 Lichfield Terrace, Sheen Road 
- 70 The Broadway, S.W.19 
- - - 24 York Street 
- 52 Sloane Square, S.W.| 
- += 67 East Hill, S.W.18 
- 298 Waterloo Road, S.E.| 
- = 35 Bellegrove Road 
- 84 High Street, S.W.19 
Revenue Buildings, Chapel Road 
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A SLIT LAMP ACCESSORY BY HAAG-STREIT 


GONIOSCOPY 


CONTACT GLASS 


(DESIGNED BY PROF. GOLDMANN) 


WITH OR WITHOUT 
SCLERAL FLANGE 
£10.10.0 





A GOLDMANN GONIOSCOPY CONTACT GLASS IS 
INCLUDED IN THE GENERAL SPECIFICATION OF «HE 
HAAG-STREIT SLIT LAMP BUT THE DEVICE IS SUITED 
FOR USE WITH ANY OTHER SLIT LAMP WHEN USED 
IN CONJUNCTION WITH A RHOMBOID DEVIATING 
PRISM WHICH CAN BE SUPPLIED TO SPECIAL ORDER 
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Melson Wingale Lid 
a | 


7 WIGMORE STREET, LONDON, W.1 


Dispensing Opticians 


THE EVEREST HARR 
For post-operative wear, 
this all plastic goggle 

is made to individual 
measurements. 


THE DUAL SIGHT 


An ingenious spectacle 
that provides reading 
addition only when want 


















O) 
DI 


S2E8 SAQBEe 


Li 


THE N 
Havii 
this 
satisfac 




















/e@ wear, 


ggle 
dual 


GHT 
cracle 


ding 
mn waned 





BRITISH JOURNAL OF OPHTHALMOLOGY 








THE SETSEG 


The spectacle that has 
a reading addition 
adjustable when in wear. 


Branches :— 

OXFORD 5 Broad Street 

DIDCOT 9 Manor Crescent 
BANBURY 72 High Street 
BICESTER 5 Sheep Street 
BRACKLEY 4 Bridge Street 
CHIPPING NORTON 11 Horsefair 


BOURNEMOUTH 81 Old Christchurch 
Road 


BOSCOMBE 707 Christchurch Road 
RINGWOOD 39 High Street 
WIMBORNE 7 Leigh Road 

POOLE 138 High Street 
BLANDFORD 61 Salisbury Street 








THE NYLON HALF-EYE 


Having a nylon top thread 
this is certainly the most 
satisfactory form of half-eye 
spectacle. 





WEYMOUTH 38 St. Thomas Street 
DORCHESTER 40 Great Western Road 


BRIDPORT 82 East Street 
SHERBORNE Cheap Street 
YEOVIL 10a Union Street 
BATH 35 Brock Street 


TUNBRIDGE WELLS 29 Mount 
Pleasant 


EAST GRINSTEAD 232 London Road 
TONBRIDGE 193 High Street 
SEVENOAKS 52 London Road 


MITCHAM 68 Monarch Parade 
SIDCUP 7 Elm Parade 
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(CLEMENT: CLARKE ) 





Spectacles 
INDIVIDUALLY DESIGNED 


“Clement Clarke specialise in the 
design and manufacture of spectacles 
to individual requirements, and offer an 
almost limitless range of styles in real 
tortoiseshell and coloured synthetic 
materials. Clement Clarke Service is 
available to the Ophthalmic Surgeon 
and his patients through forty-three 
branches.” 
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S——— 

The Old Way — ‘“‘Trial and Error’ NEW 
Hitherto the magnification needed by a patient could not a. 
be assessed closely without recourse to a miscellany of magni- a 
fiers from which the patient ultimately makes his choice. Such rs ors 


a ‘‘hit and miss’’ procedure was tedious and time-consuming 
for all concerned. 


The New Quantitative Method— 
(a) DETERMINATION OF MAGNIFICATION 
REQUIRED 


The new KEELER “‘A’”’ Series Test-type notation, laying 
special emphasis on the region beyond 6/36 provides a 
uniform progression of type sizes. Thus, for the first time, 
the patient’s reading acuity can be accurately determined, 
and — more important still — the precise magnification needed 
to raise the acuity to any desired or practicable level can be 
read off from a specially-devised table. The increase in speed 
and accuracy of this procedure is appreciated by the busy 
examiner and lessens the strain on the patient. 


(b) PRACTICAL VERIFICATION 


It follows that practical verification of the findings is now 
a separate entity. Here again, with. the emphasis on speed 
and accuracy, a quick reference table has been devised to 
present a “‘short list’’ of appliances over the range |.75X to 
20X from which verification and vocational requirements can 
be satisfied much more quickly than hitherto. For any pre- 
determined magnification, the patient need try only two or at most three aids instead of having 
to face the array of assorted appliances formerly necessary. 

Full details of magnifiers on the “short list’? together with a suggested procedure and the 
whole theoretical basis of the scheme are given in the Keeler Reference Manual. The Keeler 
L.V.A. Test Charts feature the new “‘A’’ Series notation and include the usual vocational pages 
necessary to ensure that the patient is satisfied with the prescribed appliance. 
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IEARTIALLY-SIGHTED 














NEW MAGNIFYING AIDS introduced by KEELER 


Until now it has not been possible to give much assistance to the many patients 


ie: needing magnification in the range 8X to 20X. The new KEELER Illuminated Spectacle 
ignite and Hand Magnifiers are a completely satisfactory solution to this problem because for 
uch the first time they provide comprehensively :— 
ning ' xe A large and flat field of view: 
! xe built-in illumination which is essential for 
working distances of 3 cm. or less: 
%& constant separation between magnifier and 
ION work, necessary because the depth of focus 
is only Imm. or less. 
laying The Illuminated Spectacle Magnifier illus- 
des a trated has five interchangeable lens units of 8X 
time, 10X, 12X, 1SX & 20X. It is available in a trial 
ined, set similar to that shown below for the Illu- 
2eded minated Hand Magnifier outfit which covers the 
an be same range of magnifications. These are only 
speed two examples of the many new devices that 
busy have been developed. Others, which overcome 
the disadvantage of previous appliances in the 
now 
speed 
2d to ff range 1.75X to 6X are fully described and 
X to illustrated in the Manual. 
S$ can It will be appreciated that the new tech- 


/pre- [nique and the trial sets are complementary. 
aving The great advantages of the former are yt 
lessened if trial sets are not available for 
d the rapid verification and vocational assessment. 
eeler Conversely if the KEELER quantitative tech- 
pages ff nique is not used, the magnifying aid can only 
be selected in the old “trial and error’’ way. 
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DIXEY 





HAND OPERATING LAMP 


COMPLETE WITH TRANSFORMER, SPARE BULB AND 


DAYLIGHT FILTER, IN CARRYING CASE. 


£25 - 17 - 6 
(FOR USE ON A.C. MAINS 200—250 VOLTS) 


Cc. W. DEIXEY & SON, LTD : 19 WIGMORE ST. 
LONDON, W.1 


Xi 














BRITISH JOURNAL OF OPHTHALMOLOGY DECEMBER 1956 





) 























Hl 











ey 
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CONTROL 














Meeting modern requirements 


The pre-eminence of Allen & Hanburys Operation Tables in. the field of 
present-day surgical practice is undisputed by surgeons throughout the 
world. The latest addition to the range of A & H operation tables is the 
Model J. The distinguishing feature of this model is the incorporation 


of head-end control enabling all major adjustments to the table position 
to be made without interference to the surgical team. 


A & H OPERATION TABLE 
MODEL J 


Wustrated manual on request 


ALLEN & HANBURYS LTD LONDON E2 


Makers of Quality Instruments 


SHOWROOMS: 48 WIGMORE STREET LONDON W1 


C56/528/H 
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OCULAR PROSTHETICS 


Mr. STEER WARDMAN 


Artificial Eye Specialist 


of 
BROOKS & WARDMAN LTD. 


Dispensing Opticians 


24, REGENT STREET, 
NOTTINGHAM. 
Telephone: NOTTINGHAM 46309 2 Lines 


Also attends by appointment at the following addresses: 





clo C. DAVIS KEELER, LTD. c/o BULL & MARTIN LTD. 
55, Cornwall Street, 2, St. John Street, 
BIRMINGHAM. MANCHESTER. 
Phone: Central 5422-3 Phone: Blackfriars 2548 
c/o ). W. WARDMAN LTD. cjo BROOKS & WARDMAN LTD. 
76, Skinnergate, 28, Watson Road, 
DARLINGTON. WORKSOP, NOTTS. 
Phone: 36/1 Phone: 3204 





My work covers all recent advances in ocular prostheses, 
magnetic artificial eyes, and facial prostheses. 
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DISPENSING OPTICIANS 
Members of the Association of Dispensing Opticians 








AIDS FOR PATIENTS 
WITH 
LOW VISUAL ACUITY 


We have prepared an illustrated catalogue describing 
many of the appliances, both optical and mechanical, 
found to be of benefit when prescribing for the 
partially sighted. 


Many have been developed or improved as a result of 
systematic tests that we have conducted at the request 
of ophthalmic surgeons. All have proved of value. 


No charge is made for this informative catalogue. We 
shall be pleased to send a copy to you. 








100 NEW BOND STREET, LONDON, W.| 
Telephone: GROsvenor 5081/2/3 
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BY APPOINTMENT OPTICIANS 





TO THE LATS 
QUEEN MARY 


THEODORE HAMBLIN [® 


DISPENSING OPTICIANS 







No. 495 
with battery 
in handle. 


No. 0495/9 
with handle for 
use on mains with 
transformer or 
resistance. 






HAMBLIN’S 


LISTER-MORTON 
OPHTHALMOSCOPE 


The performance of this, the 
original Ophthalmoscope to em- 
ploy the Lister system of illumi- 
nation remains unsurpassed. The 
lighting system has been designed 
to cut down corneal reflex to a 
minimum and to eliminate reflec- 
tions, thus making it possible to 
carry out a direct examination of 
the macular region in a fully- 
lighted ‘room without using 
mydriatics. 

The battery model being self- 
contained is ideal for bedside 
examination, but operation from 
the mains is preferred in the 
consulting room. 

A good arrangement for a busy 
Surgeon is to use the battery 
model for visiting purposes and 
to have an interchangeable mains 
handle complete with lamp and 
condensing system for consulting- 
room purposes. 


HEODORE- 
HAMBLIN L 
DISPENSING OPTICIANS 
iSWIGMORE STREET, 


LONDON™M 1 
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rd a quick, easy and accurate VISUAL FIELD ‘esting 








Dey. 























@ BOWL made of transparent plastic. White screen painted 
on the inside ; meridians and parallels engraved on the outside. 
Illumination uniform and adjustable. 


A Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 
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For your information . . . post free 


Glaxo’s “Practical Guide to 
Cortisone Treatment of Eye Diseases”’ 
At your request a copy of this book will be sent to you 


post free. You will find it a very useful guide to all 
aspects of treatment with these Glaxo cortisone preparations: 











Cortelan Eye Drops 1°], Cortelan Tablets 25 mg. and 5 mg. 
Cortelan Eye Ointment 1°/, Ef-Cortelan Tablets 20 mg. 
Ef-Cortelan Eye Drops 1°), Cortelan Intramuscular Injection 

Ef-Cortelan Eye Ointment 2.5°], 25 mg./cc. 
EF-CORTELAN CORTELAN 
TRADE MARK TRADE MARK 
(hydrocortisone acetate or alcohol Glaxo) (cortisone acetate Glaxo) 


GLAXO LABORATORIES LTD., GREENFORD, MIDDLESEX. BYRON 3434 


XVili Av21 
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BY APPOINTMENT OPTICIANS 


TO HIS ROYAL HIGHNESS TOH M.QUEEN ELIZABETH TO THE LATE 
THE DUKE OF EDINBURGH THE QUEEN MOTHER QUEEN MARY 


THEODORE HAMBLIN [2 


DISPENSING OPTICIANS 


HAMBLIN’S LISTER HAND-LAMP 


Made principally of Aluminium Alloy this hand-lamp is portable and 
light. It is so designed as to be perfectly balanced in the hand. 

Its beam is readily focused to provide an intense 
but even patch of light for operating. The con- 
denser is hinged to be quickly removable from the 
light path, so that a brilliant image of the filament 
may be projected. The illumination thus provid- 
ed is ideal for such purposes as needling. It em- 
ploysa!I2volt, 12 watt lamp, requiringa transformer 
for use from A.C. mains. 










The handle is removable 
when the lamp is required 
to be used on a suitable 
trolley pattern ‘Angle 
Poise’’ bracket fitted with 
the necessary transformer 


as illustrated on the left. 





15, WIGMORE STREET, LONDON, W.1 
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ARRUGA'S TERSON’S SINCLAIR'S CASTROVIEJO’S TRAQUAIRS 


CAPSULAR 


geal FORCEPS 


STEARMAN OPTICAL CO. LTD. 


PI ti 
Hs t> onl 7, FITZROY SQUARE, LONDON, w.! 





Telephone: EUSton 3396 
EE Se OD 
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SULY S77 th- 23rd. 
7950 





Artificial Eyes (Glass or Plastic) 
Embodying All Modern Improvements. 
Specially Made to Surgeons’ Instructions 


and Patients’ Requirements 





Appointments may be made at:— 
2 BLOOMSBURY PLACE, LONDON, W.C.I. 


(Nearest Underground Station, Holborn) 
Telephone: Mus. 0908 


_ XXi 
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SENTRA 
EYE DROPS 


CORTISYL 1% 3m. Bottle 


CORTISONE 


HydroCORTISYL 1% ml. Boule 


HYDROCORTISONE 


EYE OINTMENT 


CORTISYL 1% 36. Tabe 
CORTISONE 


HydroCORTISYL = 2.5% 3G. Tube 


HYDROCORTISONE 


4 


CORTISYL CORTISONE. 


TABLETS & INJECTION 


HydroCORTISYL Hrorocorrisone 


SKIN LOTION & OINTMENT 


TABLETS & LOCAL INJECTION 
INTRAVENOUS INJECTION 


DeCORTISYL rreonisone 
TABLETS 


PreCORTISYL PREONI SOLONE 
TABLETS 
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ROUSSEL LABORATORIES LTD. LONDON N.W.10 


WAAL DSS 


L.S./7A 


VON MMIELDEOSOEIAPLAPOLAPLOISI DEL a 
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Ocular PROSTHESIS mon 


FOR 








LEFT SOCKET 


FOR RIGHT SOCKET 


For evisceration a smaller implant 


witho 


140 Av 


ut muscle holes, though of the 
same shape, is used 


PARIS 
Victor Hugo, Paris, X Vie 
Tel : Kleber 0060 


This 


NEW SUBMERGED IMPLANT 


deserves your closest study 


DISTINCTIVE FEATURES 


@ Material: Polythene (or Acrylic) 


@ Diameter: for Enucleation 20-21mm. 
for Evisceration 18-19mm. 


@ The depression of 2mm. on the nasal side of 


the front surface gives greater depths to 
the socket near the inner canthus, thus avoiding 


the common exposure of the edge of the 
prosthesis upon abduction. 


@ The resulting front surface of the socket is 
as flat as possible, thus minimising idle 


movement of the implant under the prosthesis. 


@ Lateral displacement between implant and 
prosthesis ensures MAXIMUM MOBILITY 


This implant has already proved its superiority over 
other types especially when the eye is subsequently 
fitted by the special methods of 


Mr. ALFRED LESSER 


A master of world-wide repute in Ocular and 


Facial Prosthesis. 


12A, ETON AVENUE, LONDON, N.W.3 


Telephone: Primrose 9891 


ALSO Al 


DUBLIN BRUSSELS 


* 40 Gratten Street. Dublin 137 Avenue Voltaire, 


Fe! ; 73741 Fel; 182278 
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LINWOOD 
STRONG 


LTD. 


DISPENSING OPTICIANS 
in 
SUTTON 
20 HIGH STREET 
EPSOM 
45 UPPER HIGH STREET 
& 


WORTHING 
964. MONTAGUE STREET 
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Fashion Frames 








A further example of the spectacle-maker’s craft, 
combined with the jeweller’s. Hand-made frames, 
trimmed hand-set rhinestones and pearls. 


- 


Earrings to match. 


cd * 


Made and Designed by 


A. E. NEWBOLD, LTp. 
lib, Hay Hill, Berkeley Square, London, W.1 


HYDE PARK 0945/6 


Branch: 1 Broadway Buildings Branch; 64 High Street 
BROMLEY, Kent BECKENHAM, Kent 
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GEORGE ODELL LTD. 


DISPENSING OPTICIANS 


. H. ODELL, Managing Director. Members of the Guild of 
. ODELL, Secretary. _ British Dispensing Opticians. 





x > 








‘“ Featherweight ”’ 


A fine example of British Craftsmanship 











Designed for sheer comfort and especially for the ultra-sensitive patient, 
the “ FEATHERWEIGHT ”’ has been constructed to obtain exceptional 
lightness in weight, conjointly with a modern design. 


The framework is made from Turtle-shell which gives this apparently 
delicate appliance strength and rigidity. 


It is produced in our own workshops to carefully recorded individual 
facial measurements. 


NOTE:—Total weight with moderate Rx. Fitted with Plastic Igard lenses 3 drms. 
10 grms. or under4oz. Fitted with crown glass lenses 4 drms. 40 grams. or just over 4 0z. 





30/31, KING STREET, 36, WELBECK STREET, 
ST. JAMES’S, S.W.| W.! 
Whitehall 9987 Welbeck 5320 
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a ’ Ni 
“ The New Chibret Dropper Bottle... & 
Ni RX) 
NI is designed for use in conjunction with the wide range N) 
S (16 in all) of Chibret Eye Drops. Readily assembled, Ss 
Xi this new packing is robust and virtually unbreakable. N) 
NI There is no contamination from the dropper or the \\ 
NY) PRES ND 
i atmosphere and sterility is assured. Xi 
N) N) 
N) ony NI 
{ 4 
N Further details and prices obtainable x 
NH BS 

NI from Sole Distributors: — sero set NI 
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NS COATES & COOPER LTD. §& 
S WEST DRAYTON, MIDDLESEX i 
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Faithfully you” 


PANKHURST & BARRETT LTD. 
Dispensing Opticians 








27, NEW CAVENDISH STREET, LONDON, W.I 


250, IMPERIAL ORIVE, RAYNERS LANE, HARROW 











S. P. HOLLOWAY Lr. 





















PROMPT DISPENSING 


WORKSHOP ON THE PREMISES 








144, HENRIETTA PLACE 


(Corner of Welbeck Street) | 


LONDON : W.1 } 


Telephone WELbeck 2703 
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£40 
This new Trial Case is smaller than our well- 


known Major range of Trial Cases, but is 
ideally suited for consulting room or travelling. 


The lenses are standard 38 mm. with a lens 
aperture of 20 mm. diameter surfaced Plano 
convex or concave to give the maximum 
degree of correction during testing. The rims 
are made from solid aluminium and anodised 
Black for concave Senses and either Satin 


Silver or Red for convex powers. 

The well-made panelled case can be supplied 
in Oak or Mahogany and has a lift-off lid, fixed 
tray and a large space for Trial Frames, Cross 


Cylinders, etc. Outside measurements 20’ x 
2 t 28", 


A NEW 
TRIAL 


CASE 


S.A.2.B. 








CONTENTS 
23 Pairs each of Plus & Minus Spheres 


0.25 to 3.00 in Steps of 0.25D. 
3.50 to 5.00 in steps of 0.50D. 
6.00 to 8.00 in steps of 1.00D. 


12.00 to 16.00 in steps of 2.00D. 


16 Pairs each of Plus & Minus Cylinders 


0.25 to 3.50 in steps of 0.25D. 
4.00 to 5.00 in steps of 1.00D. 


3 Single Prisms - 2, 4, and 6. 


Single Accessories. 


TOTAL Namber of Lenses — 168. 





CURRY & PAXTON LTD. 


195-199, Great PORTLAND STREET and 22, WIGMORE STREET, LONDON, W.1 


(Head Office) Cnstrument Dept.) 
Principal Branches : 
LIVERPOOL SOUTHPORT RICHMOND NorwicH 
GLasGow BATH (SURREY) LOWESTOFT 
BRISTOL NOTTINGHAM DERBY LINCOLN 
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THE AIMARK 


SALIENT FEATURES 


tve Can be used as a recording 
or non-recording perimeter, and 


for squint measurements, 


* The arc, together with the 


illuminating system, can be 
rotated through 360°. 


te Test stimulus is of uniform 
brightness, and has a total 
movement of 200° in any meri- 


dian. 


%* Sixty-four different test stim- 
uli may be presented by use of 
three wheels controlling the 


stimulus as to size, colour and 
brightness. 


* Flicker Device permits stim- 
ulus in any part of the arc to 
be instantly extinguished or 


revealed. 


% Test results over the whole of 
the visual field can be correctly 
registered on the record chart 
irrespective of the position of 
the arc. 


The advance in perimetry, and the solution of some of its problems, cals 


for greater precision than has applied hitherto in specifying and controlling 
the brightness and spectral composition of the test stimulus. These require- 


ments, together with automatic recording, are fulfilled by the AIMARK 
PROJECTION PERIMETER, which is based upon experimental apparatus 
developed for certain R.A.F. investigations, and upon the design by 
Professor Maggiore. A leaflet giving full details is available on request. 


CURRY & PAXTON LTD. 


195-199, GREAT PORTLAND STREET and 22, WiGMORE STREET, LONDON, W.1 


(Head Office) 


PROJECTION PERIMETER 


CUnstrument Dept.) 
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A NEW TRIAL CASE CABINET 












Ident for the 
Consulting Room 
or the 
Out- Patients’ 


Department 











STANDARD RANGE OF LENSES 
Plus and Minus Spheres 
(Total 128 lenses) 
Pairs 0.12 
Pairs 0.25 — 4 in 4's 
Pairs 4.50 - 6 in 4's 
Pairs 7.00 - 14 in I’s 
(7-12 in I’s in minus range) 
Pairs 14-20 in 2’s 
Pair of - 25 


Plus and Minus Cylinders 
(Total 80 lenses) 


Pairs 0.12 
Pairs 0.25 — 3.50 in }'s 
Pairs 4.00 — 6.00 in 4’s 


PRISMS - 4, 1, 2, 3, 4, 5, 6, 8, 10, 12 (Totat 10) 


Accessories - Maddox Rod, Red, Green, Stenopaic Slit, Pinhole 
Disc, 2 Blank Discs (Total 7) 


The lenses are protected by a well-made roll top. The lens tray is inclined at an angle 
which allows the easiest view of and access to the lenses. A well in the tray provides 
accommodation for the trial frame, crossed cylinders, refraction occluder, etc. Below 
the lens tray a pull-out writing flap, neatly covered in rexine, is provided for the notepad 
or prescription forms, Beneath this, a capacious cupboard enables the Surgeon to store 
his Maddox Wing Test, Near Vision Test Type, Near Point Rule, Ophthalmoscope and 
Retinoscope. If preferred, a deep’ drawer can be fitted in place of the cupboard, with 
a low shelf near the floor to complete the cabinet. Castors are optional. The cabinet 
can be finished to accord with the Surgeon’s own furnishing scheme. Lenses of either 
the anodised (black and silver) or enamelled (black and red) finish can be supplied in the 
cabinet.in the standard range as given above, or in any range desired. 

The Cabinet illustrated has fitted to one side the ““Three Instrument Unit” ogmprising (a) 
Specialist Ophthalmoscope (b) Focusing Retinoscope (both with Mains handie) (c) Hand 
Slit-lamp (d) Transformer Unit. 





INSTRUMENT DEPARTMENT 63 WIGMORE STREET LONDON W.1 
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Clement Clarke Present 








INSTRUMENT The Retinal Camera 


for photography of the eye in black-and-white or colour 


Product of the distinguished French Company, O.P.L., this superb Retinal Camera 
is now obtainable from Clement Clarke. It is impossible to give full details of the 
instrument here, but the following is a summary of its benefits. 
It is suitable for use on 110 to 250 volts without special installation * 
. Fitted with an interchangeable electrical unit * Ease of focusing dur- 
ing the examination due to the two reduction levers, without reversing 
the movement * Easy focusing during the examination with con- 
stant observation of the patient due to the higher position of the 
operator and the good side clearance *% Reliability and complete 
synchronisation of the photographic mechanism % Advantages due 
to the use of flash and 35 mm film * Correction of all spherical 
and astigmatic ametropy * 


A comprehensive booklet on the O. P.L. Retinal Camera will be sent on request 
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HAMBLIN’S 
“CONNOISSEUR” 
SLIT-LAMP 
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HAMBLIN’S 
“CONNOISSEUR” 
SLIT-LAMP 


The suggestions of a number of 
ophthalmologists, who kindly interested 
themselves in its development, are em- 
bodied in this instrument. 

Heavy construction ensures mechanical 
sturdiness and optical stability. 

The light beam may be orientated 
between the optical axes of the binocular 
microscope, so that no deviating prism 
is required for gonioscopy or fundus 
examination. 

Major controls are readily accessible 
to either hand. A joystick is used for 
moving the whole instrument on the 
table-top, which is rigid and of a size 
adequate for note-taking. 

The microscope, with a constant and 
convenient working distance of about 
five inches, provides magnifications of 
ten, twenty and forty times at the turn 
of a knob. 

The illuminated section is continuously 
variable from the finest slit to a full circle. 
A knob permits the interposition into 
the light beam of large, medium and pin- 
hole stops, red-free filter, cobalt-blue 
filter, squared graticule or fixed hori- 
zontal slit. 

A precentred lamp, which may on 
occasion be deliberately over-run, en- 
sures optimal illumination. 

The instrument is provided with a fixa- 
tion lamp, Hruby lens and accessories 
drawer. A warning light in the table 
edge indicates when the current is on. 





THEODORE- 


HAMBLIN IL? 
DISPENSING OPTICIANS 
15WIGMORE STREET, 
ONDONMW LL 
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UNIVERSITY OF LONDON 


INSTITUTE OF OPHTHALMOLOGY, JUDD STREET, LONDON, W.C.I 


Associated with 
MOORFIELDS WESTMINSTER AND CENTRAL EYE HOSPITAL. 


Qualified Medical Practitioners may enter the practice of the Moorfields Westminster and Central Eye 
Hospital at aay time, and are, on certain conditions, eligible for appointment as Clinical Assistants. 


Systematic courses suitable for Diploma and Degree examinations begin in OCTOBER and 
MARCH of each year. 
For further particulars apply to the Dean. 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS. 
The Department of Pathology of this Institute will examine and report on certain specimens sent by 
Ophthalmic Surgeons. 


For particulars apply to the Director of the Department of Pathology. 


ROYAL EYE HOSPITAL 


KING’S COLLEGE HOSPITAL GROUP 
ST. GEORGE’S CIRCUS, S.E.1 


Telephone: WATERLOO 4477 





THE Staff of the Hospital is prepared to accept a limited number 
of selected postgraduate students for individual clinical instruction 
for the D.O. Examination. Application should be made to 
the Secretary, stating age, qualifications, experience, etc. 





THE DEVELOPMENT 
OF THE HUMAN EYE 


By IDA MANN, M.A., D.Sc., M.B., B.S., F.R.C.S. 


A comprehensive monograph on the 
Embryology of the. Human Eye. 


312 pages, with 239 illustrations in colour and monochrome. 
Price 45s. net (postage inland 1s. 6d., overseas Is.) 


From booksellers or from Publishing Manager 


BRITISH MEDICAL ASSOCIATION 
B.M.A. House, Tavistock Square, London, W.C.1. 
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NEW! 


THE LATEST SCREENING 
DEVICE FOR: 


e INDUSTRY 

e SCHOOLS 

e MILITARY SERVICES 

e HOSPITALS 

e@ TRANSPORT MINISTRIES 
e@ PUBLIC AUTHORITIES 


RODENSTOCK 
‘*RODATEST ”’ 


DETAILS OF THIS SUPERB 
MASS-SCREENING INSTRU- 
MENT, AND OTHER REFRAC- 
TION EQUIPMENT, ARE 
AVAILABLE FROM LEADING 





EQUIPMENT SUPPLIERS ON SOLE U.K. AGENTS: 

si CONTINENTAL 

@ OVERSEAS ENQUIRIES IMPORT COMPANY 
INVITED. 13 OLD STEINE, BRIGHTON, | 











MINOR LACRIMAL INSTRUMENTS 


designed by and made for 
JOHN FOSTER, F.R.C.S. 


Vide: ‘‘ Certain Modifications in Minor Lacrimal Instruments ”’ Brit. Journ. Ophth., Nov. 1956 











DOWN BROS. and MAYER & PHELPS Ltd. 


92-94, BOROUGH HIGH STREET, LONDON, S.E.I. 
32-34, NEW CAVENDISH STREET, LONDON, W.I. 


XXXVii 





BRITISH JOURNAL OF OPHTHALMOLOGY DECEMBER 1956 








Ophthalmic practice Australia for sale. 
Situated New South Wales town in centre 
of prosperous area. Capacity practice of 
long standing. Liberal terms if required. 
For details write 

Box “F.M.” 


c/o J. W. VICKERS & CO. LTD. 
7/8 Great Winchester Street, London E.C.2 








Ophthalmic 
Literature 


A COMPREHENSIVE ABSTRACTING SERVICE COVERING 
OPHTHALMIC JOURNALS AND ARTICLES OF OPHTHALMIC 
INTEREST FROM ALL COUNTRIES OF THE WORLD AND 
CATERING FOR EVERY BRANCH OF OPHTHALMOLOGY, 


CLINICAL AND. SCIENTIFIC. 
Six Issues and index Yearly 


Annual Subscription £4 4s. Od. post free. 





Combined Annual Subscription for British 


Journal of Ophthalmology and Ophthalmic 
Literature £7 7s. Od. 








BRITISH MEDICAL ASSOCIATION 


B.M.A. House, Tavistock Square, London, W.C.1. 
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SURGICAL NEEDLES 


SHRIMPTON & FLETCHER LTD 
PREMIERE WORKS 


REDDITCH WORCS. 
ENGLAND 


MAKERS SINCE 1810 TO THE SURGICAL 
INSTRUMENT TRADE 











PMX Eye Magnet 


Far in advance of anything previously available to the ophthalmic surgeon, 
the PMX Eye Magnet, designed for the removal of ferromagnetic bodies 
from the eye, incorporates these outstanding features : 


* Weighs only 15 lb. 


* Exerts an attractive force up to 
100 times the weight of the 
attracted particle. 


* Provides three alternative pole tips, 
and additional “pencil” magnet. 


% Housed in two convenient carrying ~ 


cases (Total weight 56 lb.). 


NEWTON VICTOR LID 


132 LONG ACRE, LONDON W.C.2. COVENT GARDEN 086! 


SUBSIDIARY OF METROPOLITAN-VICKERS ELECTRICAL CO. LTD 
MEMBER OF THE A.6.1. GROUP OF COMPANIES 
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Isophane TRIFOCALS 


complete the range of corrected lenses, both single vision and 
multi-focal, providing the best possible marginal correction 





* The function of a trifocal is to provide clear vision 


at all distances. The best distance vision can only be A Se 


60 x 58 mm. 


SEGMENT SIZE 
23 mm. x 19 mm. 


obtained by using scientifically computed lenses; 
BAO flat top trifocals use Isophane curves, in the 


distance portion, which are computed to correct the 
INTERMEDIATE 


i errors in a spectacle lens to the greatest exten 
ere espace g = 7mm. + 50% addition 


possible in a single piece of glass. 


Your wholesaler can supply 





BRITISH AMERICAN OPTICAL CO. LTD., 39, HATTON GARDEN, LONDON, E.C.! 





FACTORIES AT WATFORD, ENGLAND AND KIDWELLY, SOUTH WALES 
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